(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Properly Organization 
International Bureau 



(43) International Publication Date 
7 September 2007 (07.09.2007) 




PCT 



(10) International Publication Number 

WO 2007/100535 A2 



(51) International Patent Classification: 

C07K 14/575 (2006.01) A61K 38/00 (2006.01) 

(21) International Application Number: 

PCT/US2007/004306 

(22) International Filing Date: 

1 6 February 2007 ( 1 6.02.2007) 



(25) Filing Language: 

(26) Publication Language: 



English 
Enelish 



(30) Priority Data: 

60/775,544 
60/834,452 



22 February 2006 (22.02.2006) US 
3 1 July 2006 (3 1 .07.2006) US 



(71) Applicants (for all designated States except US): 
MERCK & CO., INC. [US/US]; 126 Fast Lincoln Av- 
enue, Rahway, New Jersey 07065-0907 (US). ISTITUTO 
Dl RICERCHE 1)1 BIOLOGIA MOLE COLA RE P. 
ANGELETTI S.P.A. |IT/ITJ: Via Pontina KM. 30. 600, 
1-00040 Pomezia (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ROY, Ranabir 
Sinha [IN/US]; 126 Fast Lincoln Avenue, Rahway, NJ 
07065-0907 (US). B1ANCH1, Elisabetta [IT/IT]; Via 
Pontina KM. 30. 600, 1-00040 Pomezia (IT). PESSI, 



Antonclla [IT/IT]; Via Pontina KM. 30. 600, 1-00040 
Pomezia (IT). IMGALLINELLA, Paoia fIT/IT]: Via 
Pontina KM. 30, 600, 1-00040 Pomezia (IT). MARSH, 
Donald, J. IUS/USJ; 126 Fast Lincoln Avenue, Rahway, 
NJ 07065-0907 (US). EIERMANN, George [US/US]; 
126 Fast Lincoln Avenue, Rahway. NJ 07065-0907 (US). 
MU, James [CN/US1; 126 Fast Lincoln Avenue, Rah- 
way, New Jersey 07065-0907 (US). ZHOU, Yun-Ping 
[US/USJ; 126 Fast Lincoln Avenue, Rahway, New Jersey 
07065-0907 (US). 
(81) Designated States (unless otherwise indicated for every 
kind of national protection available): AE, AG. AL, AM, 
AT, AU : AZ, BA. BB, BG. BR, BW, BY, BZ, CA, CI I, CN. 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GF, GH, GM, GT, HN, HR, HU, II), IL, IN, IS, 
JP, KE, KG, KM, KN. KP, KR, KZ, LA, LC, LK, LR, LS, 
LT, LU, LV, LY, MA. MD, MG, MK, MN 7 M W, MX, MY, 
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, 
RU, SC, SIX SF, SG, SK, SL, vSM, SV, SY, TJ, I'M, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated for every 
kind of regiotuil protection available): ARTPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW) : Eurasian (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB. GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, 

I Continued on next page] 



^= (54) Title: OXYNTOMODULIN DERIVATIVES 



< 
in 
to 



o 

o 




i.p. dose t 



24 48 72 

Time Post-Dose (h) 



IHU fasting period 
— »— Veh 

— Glucagon (0.01 5itpk) 
— porche Oxm (0.C19 opk) 
— PBB-Oxm(3 nptO 
PH3-Oxm(10nrpld 
PBG-Oxm(30TTnpk) 

*p<0.05 vs veh. 
~p<0.01 vsveh. 
—p<0.001 vs veh. 



(57) Abstract: Modified oxyntomodulin derivatives. Such derivatives can be used for the treatment of metabolic diseases such i 
diabetes and obesity. 



WO 2007/100535 A2 I ilil IliHQt H Dili III!) IIIH III II 1111 1 H 111 IIIH llllf Hill [HI! IBI IlilD 1111 IID OH 



RO. SE, SI, SK T TR), OAPI (BR BJ ? CK CG : CI CM. GA. 
GN ? GQ : GW : ML, MR, NE. SN, TO, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at tlte begin- 
ning of each regular issue of the PCV Gazette. 



WO 2007/100535 



PCT/US2007/004306 



TITLE OF THE INVENTION 
Oxyntomodulin Derivatives 

FIELD OF THE INVENTION 

The present invention relates to oxyntomodulin derivatives, their synthesis, and their use 
for the treatment of metabolic disorders such as diabetes and obesity. 

BACKGROUND OF THE INVENTION 

The hormone oxyntomodulin (OXM, glucagon-37) is a posttranslational product of 
preproglucagon processing in the intestine and central nervous system (CNS) and is secreted from L-cells 
in the gut in response to food intake. Discovered in 1983, OXM has been implicated in the regulation of 
food intake and energy expenditure. Central or peripheral administration of OXM in rats causes a 
decrease in short term food intake with minimal effects on gastric emptying (Dakin et al. Endocrinology, 
142:4244-4250 (2001), Dakin et al. Endocrinology, 145:2687-2695 (2004)). Repeated 
intracerebroventricular administration of OXM in rats results in elevated core temperatures and reduced 
weight gain compared to pair-fed animals, suggesting effects on both caloric intake and energy 
expenditure (Dakin et al. Am. J.PhysioL Endocrinol. Metab. y 283 :E1 173-E1 177 (2002)). 

OXM is a 37-amino acid peptide. It has been reported that the effects of OXM in 
inhibiting gastric acid secretion can be mimicked by the 8-residue C-terminal fragment Oxm(30-37), 
known as SP-1 (Carles-Bonnet et al., Peptides, 1996, 17:557-561 In humans, a single 90 min intravenous 
infusion of OXM in normal weight healthy subjects reduced hunger scores and food intake at a buffet 
meal by -19%. Cumulative 1 2 hour caloric intake was reduced by -1 1% with no reports of nausea or 
changes in food palatabiiity (Cohen et al., J. Clin. Endocrinol Metab., 88:4696-4701 (2003)). More 
recently, pre-prandial injections of OXM over a 4 week period in obese healthy volunteers (BMI -33) 
led to a significant reduction of caloric intake on the first day of treatment (-25%) that was maintained 
over the course of the study (35% reduction after 4 weeks) (Wynne et al., Diabetes 54:2390-2395 
(2005)). Robust weight loss was observed at the end of the study in treated subjects (1 .9%, placebo- 
corrected). Plasma levels of OXM were similar to that observed in the infusion study (peak 
concentration —950 pM). The absence of any tachyphylaxis and a low incidence of mild and transient 
nausea (— 3%) despite the relatively high doses necessitated by the poor in vivo stability of OXM (plasma 
tin < 12 min) renders this hormone one of the few obesity targets with both human validation and an 
attractive tolerability profile. 

OXM has a very short half-life and is rapidly inactivated by the cell surface dipeptidyl 
peptidase IV (hereafter DP-IV). However, DP-3V inhibitors are weight-neutral in the clinic, suggesting 
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that supraphysiological levels of OXM (900-1000 pM) may be required to achieve weight loss in 
humans. 

Oxyntomodulin therefore shows potential as a treatment for metabolic disorders such as 
diabetes and obesity. However, because of the poor in vivo stability of OXM, there exists a need to 
develop OXM derivatives that can be safely and efficaciously administered for the treatment of 
metabolic diseases, such as diabetes and obesity. It would be further desirable if analogs or derivatives 
were developed that were modified by conjugation to moieties that would improve stability and 
pharmacokinetics, more particularly modifications that confer resistance to DP-IV cleavage. The instant 
invention provides OXM polypeptide derivatives and methods for the treatment or prevention of 
metabolic disorders such as obesity and diabetes by administering the derivatives described herein. 

SUMMARY OF THE INVENTION 

The present invention provides a polypeptide comprising: 
H X X 1 X 2 GTFTSDYX 3 X4YLDX 5 X 6 X 6 ^ 

wherein H x is selected from the group consisting of His; imidazole-lactic acid (ImiH); 
desamino-His (ANH 2 -H); acetyl His; pyroglutamyl His (PyrH); N-methyl-His (Me-H); N,N-dimethy]-His 
(Me 2 -H); Benzoyl His (Bz-H); Benzyl His (Bzl-H); and Phe; 

Xi is selected from the group consisting of Ser, Gly; Ala; Arg; Asn; Asp; GIu; Gin; His; 
He; Lys; Met; Phe; Pro; Thr; Trp; Tyr; Val; D-Ala; D-Ser; and a-aminoisobutyric acid; 

X 2 is Gin, Asp, Glu, Pro, Leu or L-norleucine; 

X 3 is Ser, Ala, Cys, Cys(mPEG), or Cys(cholesteryl); 

X4 is Lys, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 5 is Ser or Ala; 

X$ is any amino acid; 

X 7 is Gin, Cys, Cys(mPEG), or Cys(cholesteryl); 
X 8 is Asp, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 9 is Met, Met(O), Val, norleucine, alanine, a-aminoisobutyric acid or O-methyl- 

hombserine; 

X10 is Asn, Cys, Cys(mPEG), or Cys(cholesteryl); 
X n is Thr, Cys, Cys(mPEG), or Cys(cholesteryl); 
X, 2 is He, Cys, Cys(mPEG), or Cys(cholesteryl); 
Xn is Ala, Cys, Cys(mPEG), or Cys(cholesteryl); and 

X M is amide, carboxylate, secondary amide, Ala, K(palmitoyl), Cys, Cys(mPEG), 
Cys(cholesteryl) or any linker to which mPEG or cholesterol is linked with a chemical bond. 
Pharmaceutical ly acceptable salts thereof are contemplated as well. 
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Additionally, any one or two of X 3> X4, X$— X 8 , and Xj 0 - X J4 may be Cys(mPEG) 
Cys(cholesteryl); Cys(mPEG)teine may also be Q; C 2 ; C 3 or Q, wherein Ci=Cys(mPEG)5 kDa, 
C 2 =Cys(mPEG)20kDa, C 3 =Cys(mPEG)240kDa, C 6 = CysCMPEG^OkDa and each corresponds to a 
cysteine residue PEGylated via the side chain thiol with linear methoxyPEG (mPEG) or branched mPEG 2 
of the indicated molecular weight 

The present invention relates to OXM polypeptide derivatives of the formula: 

HoDGTFTSDYSKYLDSRRA^ 
wherein C 3 = Cys[(mPEG)240kDa], each corresponding to an amidated cysteine residue PEGylated via 
the side-chain thiol with a branched mPEG [(mPEG^J of the indicated MW; a is a-amino isobutyric acid 
(aib); and m = methionine sulfoxide (Met(0)). 

In another embodiment of the present invention, there is provided a polypeptide 

comprising: 

H X SQGTFTSDYSKYLDSIIRAQDFVQWLNINTKRNRNNIA, wherein H* is selected 
from the group consisting of His, Hi = Imidazole-lactic acid (ImiH); desamino-His (ANH 2 -H), acetyl His, 
pyroglutamyl His, N-methyl-His (Me-H), N,N-dimethyl-His (Me 2 -H); Benzoyl His (Bz-H), Benzyl His 
(Bzl-H), and Phe. 

In yet another embodiment of the present invention, there is provided a polypeptide 

comprising: 

HXiQGTFTSDYSKYLDSRRAQDFV^ 

wherein Xj is selected from the group consisting of Ser, Gly, Ala, Arg; Asn, Asp, Glu, 
Gin, His, He, Lys, Met, Phe, Pro, Thr, Trp, Tyr, Val, D-AIa, D-Ser, and a-aminoisobutyric acid. 
The present invention further provides for a polypeptide comprising: 
HSX 2 GTFTSDYSKYLDSRI^QDFVQWLM^ 

X 2 is .selected from the group consisting of Gin, Asp, Glu, Pro, Leu, and L-norleucine. 
In another embodiment of the present invention, there is provided a polypeptide 

comprising: 

HSQGTTTSDYX^YLDSX^sAXtXs^^ 

wherein X 3 is Ser, Ala, Cys(mPEG), or Cys(cholesteryl); 

X4 is Lys, Cys(mP£G), or Cys(cholesteryl); 

X6 is any one of Arg, Cys(mPEG), or Cys(cholesteryl); 

X7 is any one of Gin, Cys(mPEG), or Cys(cholesteryl); 

Xs is Asp, Cys(mPEG), or Cys(cholesteryl); 

X10 is Asn, Cys(mPEG), or Cys(cholesteryl); 

Xu is Thr, Cys(mPEG), or Cys(choIesteryl); 

X t2 is He, Cys(mPEG), or Cys(cholesteryl); 
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X 13 is Ala, Cys(mPEG), or Cys(cholesteryl); and 

X] 4 is amide, carboxylate, secondary amide, Ala, K(palmitoyl), Cys(mPEG), 
Cys(cholesteryl), or any linker to which mPEG or cholesterol is linked with a chemical bond. 

wherein one or two of X 3 X4, X* - X 8 , and X i0 - X u is Cys(mPEG) or Cys(cholesteryl). 
In an embodiment of the present invention, there is provided a polypeptide comprising: 
HaX 15 GTFTSDYSKYLDSZZAX 16 DFVQWLX 17 NTX l8 
wherein X] 5 is D or Q; 
Z is any amino acid; 

X 16 is C 8 , Cys(N-ethylmaleimidyl), Q or C; 

Xj 7 is m or M; 

Xig is an amidated k or K. 

In another embodiment of the present invention, there is provided a polypeptide 

comprising: 

Hctf)GTFTSDYSKYI)SZZAQDFVQWL^ 
wherein X19 is C or C 8 , Cys(N-ethylm ale im idyl). 

I n yet another embodiment of the present invention, there is provided a polypeptide of 

the formula: HaDGTFTSDYSKYLDS-TtdsEC-CONH 2 

In an embodiment of the present invention, there is provided a polypeptide of the 

formula: HaDGTFTSDYSKYLDSRRAQDWQ 

wherein Ttds is l-amino-4 5 7,10-trioxa-13-tridecanamine succinimic acid. 

In another embodiment of the present invention there is provided a method for the 
treatment of a metabolic disease in a subject comprising administering to the subject a polypeptide as 
described above. The metabolic disease may be selected from the group consisting of diabetes, 
metabolic syndrome, hyperglycemia, and obesity and may be administered via a route peripheral to the 
brain, such as an oral, mucosal, buccal, sublingual, nasal rectal, subcutaneous, transdermal intravenous, 
intramuscular or intraperitoneal route. 

In yet another embodiment of the present invention, there is provided a pharmaceutical 
composition comprising a polypeptide as described above and a pharmaceutically suitable carrier. 

The present invention further relates to the use of the polypeptides of the present 
invention in the preparation of a medicament useful for the treatment or prevention of metabolic 
disorders such as diabetes or obesity in a subject in need thereof by administering the polypeptides and 
pharmaceutical compositions of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 depicts activation of a mutant form of the human GUM receptor by (a) native 
porcine OXM and (b) PEGylated OXM2 and loss of potency due to preincubation of the peptides with 
DP-TV. 

Figure 2 shows in cretin activity of porcine oxyntomodulin in the lean mouse 
intraperitoneal glucose tolerance test (IPGTT). % inhibition of glucose excursion is indicated for each 
group, "ctrl" = vehicle-treated saline-challenged mice, "veh" = vehicle-treated dextrose-challenged mice. 

Figure 3 illustrates the efficacy of the polypeptides denoted by sequences OXM2 and 
OXM3 in reducing overnight food intake and body weight gain in lean mice. * p< 0.05 relative to the 
vehicle group. 

Figure 4 depicts the effects of GLP-l and OXM on glucose-stimulated insulin . 
secretion (GSIS) in islets and MIN6 cells. 

Figure 5 shows the effects of GLP-1R deletion and receptor antagonism on 
OXM, GCG and GLP-l mediated GSIS in islets. 

Figure 6 illustrates the effect of OXM on GSIS in glucagon receptor -/- islets. 

Figure 7 shows the effects of OXM and exendin-4 on blood glucose and insulin levels 
during IPGTT in wild-type and GLP-l R -/- mice. 

Figure 8 shows the acute glucose-lowering effects of OXM99 in the lean mouse IPGTT. 
Figure 9 depicts the effect of OXM99 in reducing blood glucose in lean mice. 
Figure 10 illustrates the glucose-lowering effects of OXM1 17 in the lean mouse IPGTT. 
Figure 1 1 shows the duration of action of the OXM analogs OXM 1 17 and OXM99 
compared with exendin-4. 

Figure 12 depicts the pharmacokinetics for OXM1 17 using subcutaneous dosing in the 

rat. 

Figure 13 shows the results of studies demonstrating that the OXM1 17 peptide shows no 
glucagon-! ike activity in vitro. 

Figure 14 summarizes the in vitro activity data at the GLP1 and GCG receptors in tabular 

form. 

Figure 15 shows in vivo activity of (mPEG) 2 40kDa conjugates on food intake and body 
weight loss in the DIO mouse model. 

Figure 16 illustrates in vitro potency data for the C-terminal truncated analogs acting at 
the GLP1 and GCG receptors. 

Figure 17 presents in vitro potency data for select PEGylated OXM analogs acting at the 
GLP1 and GCG receptors. 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to modified OXM derivatives. The OXM derivatives are 
developed by PEGylation or conjugation to other moieties or carrier proteins to improve stability and 
pharmacokinetics, and/or by incorporation of substitutions of amino acid residues to render the peptides 
resistant to DP-1V cleavage. In addition, the stabilized OXM derivatives do not exhibit glucagon 
receptor agonist activity, and may thereby offer certain advantages in the treatment of hyperglycemia and 
obesity in diabetic or prediabetic subjects. For those subjects, up-regulation of glucagon receptor 
signaling should be avoided, since it may result in elevated blood glucose levels. 

Unless otherwise specified, the terms "polypeptide," "protein," and "peptide" is 
understood by the skilled artisan to also encompass various modified and/or stabilized forms. Such 
modified forms may be chemically modified forms, including, without limitation, PEGylated forms, 
palmitoylated forms, cholesterol-modified forms, etc. Modifications also include intra-molecular 
crosslinking and covalent attachment to various moieties such as lipids, flavin, biotin, polyethylene 
glycol derivatives, etc. In addition, modifications may also include cyclization, branching and cross- 
linking. Further, amino acids other than the conventional twenty amino acids encoded by genes may also 
be included in a polypeptide. 

The Structures of the OXM Derivatives 

The present invention provides modified OXM derivatives. In particular, the present 
invention relates to novel stabilized modified OXM polypeptide derivatives of the formula: 

H X X 1 X 2 GTFTSDYX 3 X4YLDX 5 X<^ 

wherein H x is selected from the group consisting of His; imidazole-lactic acid (ImiH); 
desamino-His (ANH 2 -H); acetyl His; pyroglutamyl His (PyrH); N-methyl-His (Me-H); N,N-dimethyl-His 
(Me^H); Benzoyl His (Bz-H); Benzyl His (Bzl-H); and Phe; 

X t is selected from the group consisting of Ser, Gly; Ala; Arg; Asn; Asp; Glu; Gin; His; 
He; Lys; Met; Phe; Pro; Thr, Tip; Tyr; Val; D-Ala; D-Ser; and a-aminoisobutyric acid; 

X 2 is Gin, Asp, Glu, Pro, Leu or L-norleucine; 

X 3 is Ser, Ala, Cys, Cys(mPEG), or Cys(cholesteryl); 

X4 is Lys, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 5 is Ser or Ala; 

X* is any amino acid; 

X 7 is Gin, Cys, Cys(mPEG), or Cys(cholesteryI); 
Xg is Asp, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 9 is Met, Met(O), Val, norleucine, alanine, a-aminoisobutyric acid or O-methyl- 

homoserine; 
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Xio is Asn, Cys, Cys(mPEG), or Cys(cholesteryl); 
X,, is Thr, Cys, Cys(mPEG), or Cys(cholesteryl); 
X !2 is He, Cys, Cys(mPEG), or Cys(cholesteryl); 
X, 3 is Ala, Cys, Cys(mPEG), or Cys(cholesteryl); and 

X M is amide, carboxylate, secondary amide, Ala, K(palrriitoyl), Cys, Cys(mPEG), 
Cys(cholesteryl) or any linker to which mPEG or cholesterol is linked with a chemical bond. 

Additionally, any one or two of X 3 X4, X* - Xg, and Xio - X !4 may be Cys(mPEG) or 
Cys(cholesteryl); Cys(mPEG)teine may also be Q; C 2 ; C 3 or C6, wherein C|=Cys(mPEG)5kDa, 
C 2 =Cys(mPEG)20kDa, C 3 ==Cys(mPEG)240kDa, C 6 = Cys(mPEG>260kDa and each corresponds to a 
cysteine residue PEGylated via the side chain thiol with linear methoxyPEG (mPEG) or branched 111PEG2 
of the indicated MW. 

The present invention further provides an OXM polypeptide of the formula: 

HaDGTFTSDYSKYLDSRRAQDFVQWLmOT 
wherein C3- Cys[(mPEG) 2 40kDa], each corresponding to an amidated cysteine residue PEGylated via 
the side-chain thiol with a branched mPEG [(mPEG)^] of the indicated MW; a is a-amino isobutyric acid 
(aib); and m = methionine sulfoxide [Met(0)]. 

In an embodiment of the present invention, there is provided a polypeptide comprising: 

HX,QGTFTSDYSKYLDSRRAQDFVQWLNmTKIWimN^ 

wherein X| is selected from the group consisting of Ser, Giy, Ala, Arg; Asn, Asp, Glu, 
Gin, His, He, Lys, Met, Phe, Pro, Thr, Trp, Tyr, Val, D-Ala, D-Ser, and a-aminoisobutyric acid. 
The present invention further provides for a polypeptide comprising: 
HSX 2 GTFTSDYSKYLDSRRAQDFVQWLMNTKRNKNNIA 

X2 is selected from the group consisting of Gin, Asp, Glu, Pro, Leu, and L-norleucine. 
In another embodiment of the present invention, there is provided a polypeptide 

comprising: 

HSQGTFTSDYX3X4YLDSX6X$AX 7 XsFVX 7 WLM 

wherein X 3 is Ser, Ala, Cys(mPEG), or Cys(cholesteryl); 

Xj is Lys, CysOnPEG), or Cys(cholesteryl); 

X$ is Arg, Cys(mPEG), or Cys(cholesteryl); 

X 7 is Gin, Cys(mPEG), or Cys(cholesteryl); 

X 8 is Asp, Cys(mPEG), or Cys(cholesteryl); 

Xio is Asn, Cys(mPEG), or Cys(cholesteryI); 

X, , is Thr, Cys(mPEG), or Cys(cholesteryl); 

X l2 is He, Cys(mP£G), or Cys(choIesteryl); 

X 13 is Ala, Cys(mPEG), or Cys(cholesteryl); and 
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X !4 is amide, carboxylate, secondary amide, Ala, K(palmitoyl), Cys(mPEG), 
Cys(choIesteryI), or any linker to which mPEG or cholesterol is linked with a chemical bond. 

wherein one or two of X 3 X4, X 6 - X 8 , and Xi 0 - X M is Cys(mPEG) or Cys(cholesteryl). 

In an embodiment of the present invention, there is provided a polypeptide comprising: 

HaX 15 GTFTSDYSKYLDSZZAX 16 DFVQWLX 17 NTX 18 

wherein X15 is D or Q; 

Z is any amino acid; 

X 16 is C8, Q or C; 

Xn is m or M; 

X 1S is amidated k or K. 

In another embodiment of the present invention, there is provided a polypeptide 

comprising: 

HaDGTFTSDYSKYDSZZAQDFVQ 
wherein X x9 is C or Q. 

In yet another embodiment of the present invention, there is provided a polypeptide of 
the formula: HaDGTFTSDYSKYLDS-TtdsEC-CONH 2 

In an embodiment of the present invention, there is provided a polypeptide of the 

formula: 

HaDGTFTSDYSKYLDSRRAQDFVQ 

As used herein, the abbreviations of amino acid residues are shown as follows: 



Amino Acids 

Alanine 

Arginine 

Asparagine 

Aspartate 

Cysteine 

Htstidine 

Isoleucine 

Glutamine 

Glutamate 

Glycine 



Three-Letter 
Abbreviations 

Ala 

Arg 

Asn 

Asp 

Cys 

His 
lie 

Gin 

Glu 

Gly 



One-Letter 
Abbreviations 
A 
R 
N 
D 
C 
H 
I 

Q 

E 
G 



Amino Acids 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophan 

Tyrosine 

Valine 



Three-Letter 
Abbreviations 

Leu 

Lys 

Met 

Phe 

Pro 

Ser 

Thr 

Trp 

Tyr 

Val 



One-Letter 
Abbreviations 
L 

K . 

M 

F 

P 

S 

T 

W 

Y 

V 
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Unless specifically designated otherwise, all the amino acid residues are in the L-form. 

In comparison to the wild-type OXM 5 the OXM derivatives of the present invention 
contain several amino acid substitutions, and/or can be PEGylated or otherwise modified (e.g. with 
cholesterol moieties). Analogs may be double conjugated, e.g., with to both cholesterol and PEG. Such 
OXM derivatives are resistant to cleavage and inactivation by dipeptidyl peptidase IV (DP-IV). 

By "receptor agonist" is meant any endogenous or exogenous (drug) substance or 
compound that can interact with a receptor, for example, the GLP-1R or the glucagon receptor, and 
thereby initiate a pharmacological or biochemical response characteristic of receptor activation. 
Typically, the OXM derivatives of the instant invention are characterized by their affinity to the human 
GLP-1R and display an EC50 for this receptor in the range of 0.1 pM to 1 uM. The OXM derivatives of 
the instant invention also are characterized by their affinity to the GcgR, displaying an EC50 >I uM. 

The OXM derivatives of the present invention may be useful in the reduction of food 
intake and body weight and may mediate glucose-stimulated insulin secretion (GS1S) from pancreatic 
islets, thereby providing a treatment option for individuals afflicted with a metabolic disorder such as 
obesity, diabetes, metabolic syndrome X, hyperglycemia, impaired fasting glucose, and other prediabetic 
states. 



Table 1 OXM Derivatives 



SEQ ID NO 


Peptides 


Sequences 


1 


OXM1 


HGQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAA-COOH 


2 


OXM2 


HGQGT FT S DY S KYL D SRRAQ DF VQWLMNT KRN RNN I AC 2 - COOH 


3 


OXM3 


HGQGT FTS DYSKYLDSRRAQDFVQWLMNTKRNRNNI AC3-COOH 


4 


0XM-NH 2 


HSQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH 2 


5 


Ac-OXM- 
NH 2 


Ac- HS QGTFTSDYS KYL DS RRAQDFVQWLMNTKRNRNN I A- CONH 2 


6 


Ac- OXM 


Ac- HS QGT FTSDYS KYLDS RRAQDFVQWLMNT KRNRNN I A- COOH 


7 


OXM4 ! 


HctQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-COOH 


8 


OXM5 


HVQGT FT S DYSKYL DS RRAQDFVQWLMNTKRNRNN I A-COOH 


9 


OXM 6 


HaQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-COOH 


10 


OXM7 


HsQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-COOH 


11 


OXM8 


HSEGT FT S DYSKYLDSRRAQDFVQWLMNTKRNRNN I A-COOH 


12 


OXM9 


HSDGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-COOH 


13 


OXM10 


HSLGT FTS DYSKYLDSRRAQDFVQWLMNTKRNRNNI A- COOH 


14 


OXMll 


HSnGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-COOH 


15 


OXM12 


HGEGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-COOH 


16 


OXM13 


FS QGT FT SDYSKYLDS RRAQDFVQWLMNTKRNRNN I A- COOH 
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17 


0XM14 


Pyr-HSQGTFTSDYSKYLDSRRR.QDFVQWLMNTKRNRNNIA-CONH 2 


18 


OXM15 


HSPGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-COOH 


19 


0XM16 


HiSQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH 2 


20 


0XM17 


Me-HSQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH 2 


21 


0XM18 


H 2 SQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-C0NH 2 


22 


OXM19 


Me 2 -HSQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH 2 


23 


OXM20 


B2-HSQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


24 


OXM21 


Bzl-HSQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA— CONH 2 


25 


OXM23 


HAEGTFTSDVSSYLEGQAAKEFIAWLMNTKRNRNNIA-CONH2 


26 


OXM24 


HSQGTFTSDYAKYLDARRAQDFVQWLMNTKRNRNNIA-CONH2 


27 


OXM25 


HQrv^T 1 CTQI^ VQI^rVT nQOOTinnTr^/^TATT MM WD MP MM T — P*OTvTH 

flOvWj X C ioUI 0 IS. liilJo KKAy ut vywijiyjri iivkwkimimx — l*.UNn 2 


28 


OXM26 


Li cnpT c«i»c rwo W7 noDDAAnr\/r\fiiT mmtvdxidkixi rr\K(tX 


29 


OXM27 


nbybl r 1 i>UibKlJjL)bKKAUL>r VywJjMN X K.KNRN- LUNH2 


30 


OXM28 


HOtyksi r loUlbKxIjIJbKKAyut VyWJjMNIlN.KNKCvNXA— l^UNri2 


31 


OXM29 


U ~/~>f~*rn Tprn C FWS C TS VT r\C? T» 13 A /"\OT7TT7V"M»TT M MO K7M T 7\ STWTU 

nOtytalr 1 bL)i bKiiiUSJ:a<AQDFvQWIjMNx KRN 


32 


OXM30 


HaQGTFTSDYSKYLDSRRAQDFvQWLMCTKRNRNNI^ 


33 


0XM31 


HsQGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNNI 


34 


OXM32 


H s QGT F T S D YS K YL DS RRAQ D FVQw LMN T KRN RlM N I A - CON H 2 


35 


OXM33-36 
precursor 


HsQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC-CONH 2 


36 


OXM33 


HsQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 1 -CONH2 


37 


OXM34 


HsQGT FT S D YS KYL DS RRAQDFVQWIiMN TKRNRNNI AC2- CONH2 


38 


OXM35 


HsQGTFTSDYSKYLDSRRAQDFVQWIiMNTKRNRNNIAC3-CONH 2 


39 


OXM36 


HsQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 4 -CONH 2 


40 


OXM37 


HAQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH 2 


41 


OXM38 


HRQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


42 


OXM39 


HNQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


43 


OXM40 


HDQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


44 


0XM41 


HEQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONHz 


45 


OXM42 


HQQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


46 


OXM43 


HHQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


47 


OXM44 


HIQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


48 


I OXM45 


HLQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


49 


1 OXM46 


HKQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


50 


OXM47 


HMQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


51 


OXM48 


KFQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


52 


OXM49 


H PQGT FT S DYSKYLDS RRAQ DFVQWLMN TKRNRNNI A- CON H 2 


53 


OXM50 


KTQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


54 


0XM51 


HWQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIA-CONH2 


55 


OXM52 


HYQGTFTSDYSKYLDSRRAQDFVQWI,MNTKRNRNNIA-CONH 2 
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56 


OXM53 




O / 


f\w KS C A 


HsQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 5 -CONH 2 


58 


precursor 


HsQGTFTSDYSKYLDSRRACDFVQWLMNTKRNRNNIA-CONH 2 


59 




Ho^TPTQ HVQTfVT n^BDZV*"" nTVniJT MMTTT — POMM 


60 




n"3yb if 1 oUIOfvI IjUoivKiAl^ilJr V v»» JjI v J1M X i\ K I >J K1\J I v X /A ~ W i\l rl 2 


61 


OXMj / 


LJ — r\n TTTTQnVQ I/VT rvQOOan nr\TAT»TT MWPVDMDMX1Ta_PAMU 

riSUtjl r 1 oUioaiLUoKKALjUt vy WLMfi 1 A.KNKNN1 A LUNrl2 


62 


OXMbc 




63 


OXM59 


HSQGTF TSDYSKYLDSRRAC a DF VQWLMNTKRNRNNIA— CONH2 


64 


OXM60 


nSQGTFToDYSKYLDSRRAQDFVQWLnNTKR^ 


65 


OXM61 


HSQGTFTSDYbKYLuSRRAQDFVQWLMCsTKRNRNNIA— CONH2 


66 


OXM62 


HsQGTFTSDySKYLDSRRAQDE T VQWIiMCiTKRNRNNIA-CONH 2 


67 


OXM63 


HSQGTFTSDYSKYLDSRRAQDFVQWLMC2TKRNRNNIA-CONH2 


68 


OXM64 


HsQGTFTSDYSKYl»DSRRAQDFVQWLMC 3 TKRNRNNIA-CONH2 


69 


OXM65 


HsQGTFTSDYSKYLDSRRAQDFVQWLMC 4 TKRNRNNlA~CONH 2 


70 


OXM66 


HaQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 5 -CONH 2 


71 


OXM67 


HaQGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 1 -C0NH 2 


72 


OXM68 


HaQGT FT S D Y SKYLDS RRAQDF VQWLMNTKRNRNN I AC 2 -C0NH 2 


7*3 


OXM69 


KaQGT FT S D Y S K YL DS RRAQDFVQWLMNTKRNRNN I AC 3 -CONH 2 


74 


OXM70 


HaQGT FTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 4 -CONH 2 


75 


OXM71 


HsEGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC-CONH 2 


76 


OXM72 


H sEGTFT S D YSKYLDS RRAODFVQWLMNTKRNRNNI AC 5 ~ C0NH 2 


77 


OXM73 


HsEGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC!— C0NH 2 


78 


OXM74 


HsEGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 2 -CONH 2 


79 


OXM75 


HsEGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 3 -C0NH 2 


80 


OXM76 


HsEGTFTSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAC 4 -C0NH 2 


81 


OXM77 


HsQGTFTSDYSKYLDSRRAQCFVQWLMNTKRNRNNIA-CONH 2 


82 


OXM78 


HsQGTFTSDYSKYLDSRRAQC s FVQWI*MNTKRNRNNIA-CONH 2 


83 


OXM79 


HsQGTFTSDYSKYLDSRRAQCiFVQWLMNTKRNRNNIA-CONHz 


84 


OXM80 


HsQGTFTSDYSKYLDSRRAQC 2 FVQWLMNTKRNRNNIA-CONH 2 


85 


OXM81 


KsQGTFTSDYSKYLDSRRAQC 3 FVQWLMNTKRNRNNIA-CONH 2 


86 


OXM82 


HflQGTFTSDYSKYLDSRRAQC 4 FVQWLMNTKRNRNNIA-CONH 2 


87 


OXM83 


HsQGTFTSDYSKYLDSRRAQDFVCWLMNTKRNRNNIA-CONH 2 


88 


OXM84 


HsQGTFTSDYSKYLDSRRAQDFVC 5 WLMNTKRNRNNIA-CONH 2 
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89 


OXM8 5 


HsOGTFTSDYSPCYLDSRRAODFVCiWLMNTKRNRNNI A-CONHo 


90 




HsOGTFTSDYSKYLDSRRAODFVC^WLMNTKRNRNNTA— CONHo 


91 


OYMft 7 


HesOGT FT SDYSPCYT.Tj^RR Ann FVCWT.MMTKRMRWMT A— PnNU-. 


92 




H sOGT FT DY ^KYT, D ^R RAODFVC.WT.IVIMTKRNRNNT A — nO"NW-» 


93 


OXM8 9 


H s OGT FT D Y S K YT . n *5 RRA O n PVO W T .VM T K R MP WTO T A — fOW H ^ 


94 


\J Al'J 7 \J 




95 


UA1J _7 X 


HQA/iTPTQnVQVVT nQQ'DnfM~MP'\7fVtfT MMTVDX1 /"•fMtfU 

noyu x r loui oui xjL/oJtvr\MyL/r v ywijraiN x r\rs.iv — v^.uiNJi2 


96 


DYMQ? 

VJATi? 


R QHCT PT Q DY Q V YT nQRRannPUnWT MIOTTfD — POMU. 


97 






98 


avmq 4 




99 


AVM Q c: 


Uon<?TT?TCnVCVVT nCD'DTVf^PllTWfMitfT WIKW VDMDMM T TAf —r-z^xtu 
riSX/Lj 1 C loUI oJt\ I JbUoKK/A(JlJr VyWJLiKlWl ]\KNKWNX/'\w5-~L.<JNxi2 


100 




UrtprTCTcnvcvvT ncDt>nnny\7nmT mmtwdmdmmt ivr* rr\wu 

rtCUu\j± c 1 bUI OlMljUOKKAyUf vyWxjPQN 1 JSKNtvNNX/^U*s — L.VAN.H2 


101 


UAM? / 


U/nnrTU"PGnVGWT r\CDD7\ /^vr^'CT 7^W7T WtKTPVOVT'DKlVlT 7\ f~» O/'VK'TTJ 

ncujvjl tloUi oi\xJbUoKrU\UL'r vQWLirQN 1 rvKNKNNlACs— LONH2 


102 


nvw O Q 
UAMyo 


ilOtyial r I oLJx oKiJjDbKKAQDF VQWLihNTjnRNRNNIACs— CONH2 


103 


OXM99 


HaQGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNNIAC 3 -CONH2 


104 


OXM100 


HaQGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNb3IAC6-GONH2 


105 


OXM101 


HaQGT FTS DYS K YLDSRRAQDFVQWLmNTKRNRNNI AC 4 -C0NH 2 


106 


OXM1U2 


HaQGTFTSDYSKYLDSRRAC 5 DFVQX^LMNTKRNRlfNIA— CONH2 


107 


OXM103 


HaQGTFXS DYSKYLDSRRAC 3 DFVQWLMNTKRNRNN I A-C0NH 2 


108 


OXM104 


HaQGT FT S D YS KYL DSRRAQC5 FVQWLMNTKRNRNN I A*- CONH 2 


109 


OXM105 


HaQGTFTSDYSKYLDSRRAQC 3 FVQWLMNTKRNRNNIA~C0NH 2 


110 


OXM106 


HaQGT FTSDYSKYXDSRRAQDFVC 5 WLinNTKRNRNNIA--CONH2 


111 


OXMlu / 


HaQCal h ISDi SKYiDbRRAQDFVCjWIjmNTKRNRNN 


112 


OXM108 


HaQGTFTSDYSKYLDSRRAQDFVQWLMC 5 TKRNRNNIA-CONH 2 


113 


OXM109 


HaQGT FTSDYSKYXDSR^AQDFVQWLMC 3 TKRNRNNIA-CONH 2 


114 


OXM110 


HsQGT FT S DYS K YLDSRRAQDFVQWLMNTKRNRNNI AK (palmitoyl) - 
CONH2 


115 


OXM111 


H 2 aQ GT FT SDYSK YLDSRRAQDFVQWLmNTKRNRNNI AC- CONH 2 


116 


OXM112 


H 2 aQGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNNIAC 5 -C0NH2 


117 


OXM113 


H 2 aQGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNNIAC 3 -CONH 2 


118 


OXM114 


H 2 aQGTFTSDYSKx^DSRRAQDFVQWLmNTKRNRNNlAC 4 --CONH 2 


119 


OXM116 


HaDGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNNIAC-CONH 2 


120 


OXM117/145 
/146 


HaDGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNNIAC 3 -C0NH2 
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121 


OXM118 


HaDGTFTSDYSKYLDSRRAQDFVQWLn\NTKRNRNNIAC 4 -CONH 2 


122 


OXM119 


HaQGT FTS DYCKYLDSRRAQDFVQWLniNTKRNRNN I A- C0NH 2 


123 


OXM120 


HaQGT FTS DYC 5 KYLDSRRAQDFVQWLmNTKRNRNNI A-CONH2 


124 


OXM121 


HaOGT FT S DYC-aKYLDS RRAOD FVOWLmNTKRNRNN I A- C0NH-> 


125 


OXM122 


HaOGTFTSDYSCYLDSRRAODFVOWLmNTKRNRNNTA-CONH-* 


126 


OXMl ?3 


HaOGT FT S DYSCcYLDSRRAODFVOWLmNT/TONRNNT A— TONH 0 


127 


OXM124 


HaOGTFTSDYSC^YLDSRRAODFVOWLmNTKRNRNNTA-rONHo 


128 


OXMl 9^ 




129 


OYMT 9 (\ 

\Jf\Vl X O 


nii\^o x k loui orvi ij l» 0 r\ r\TT. v> uv* vyw jluliin i. rvtxiMrvNLN xi\ ^\jiMri 2 


130 


OVM1 97 
UAL J XC. 1 


H aQGT FT S D YSK YLDSRRAQDC4 VQWLmNTKRNRNN I A- C0NH 2 


131 


yJA.i v l x£Q 


H 2 aDGT FTS DYSKYLDSRRACDFVQWLmNTKRNRNN I A— CONH2 


132 


HYM1 9 Q 
\j x z> 


H 2 0tDGTFTSDYSKYLDSRRAC 3 DFVQWLniNTKRNRNNIA-C0NH2 


133 


nvMi *3 n 


HaQGT FTS D YSKYLDSRRAQDFVQWLMNTK-CONH2 


134 


nVM!1 "3 1 


HaDGTFTSDYSKYLDSRRAQDFVQWLMNTK-CONH 2 


135 


OVM1 "3 O 
UaM JL J£ 


U r^r > il^' r P It'TgnVGgVT nCDD7\pn in ZI^TaTT TnMTVtJ KID VIM T A — PHMU 

rlOtyoi r JL oul ol\ X JblJoKKiHI-iJr vy^WJbTnN J. txKNKNN J. A"LUNn2 


136 


AVUl O O 

UXM1 jo 


riOLQsjl t jLoUibKiLDoKKACsDr vQWLItlN 1 KKNRNNxA~CUNn 2 


137 


OXMlo 4 


Hayiji r XbDxbKXLUbKKAC3DFVO r WIjniN^ 


138 


UXM 


rlOiytpi r loUIoKiLl^bKK/iLUr VyWJbinN X J%— CUNn 2 


139 


OXM lob 


Haytjl r I bDxoKYLDaRJ^C3DFVQWLmNTK— CONH2 


140 


UXM1 J / 


HCLUOi r X 0 Ul bKiLUbRKACUb VUWIjITIN 1 K— LONnj 


141 


UXM i Jo 


rlCXL/LaXr X bUibKxJLDoKKACjUi^UWJLJnJN 1 K— CpNH 2 


142 


oxM ± o y 


iriaDvjjJL r I bDi bKxJjUbRRAQUFVQWIjinNTKRNR 


143 


*J&F3 A. f* X 


nOUyilC loUlolM Jb L/or%XNiAV»»3 LJ If V yw XtHuN 1 IS is NK WIN XrtN^4"~V->JiNil2 


144 


OXMl 4 2 


HaQGTFTSDYSKYIiDSRPAC 3 DFVQWLmNTKRNRNNIAC4--CONH2 


145 


OXMl 4 3 


HaQGT FTS DYSKYLDSRRAC 8 D FVQWLinN TK- C0NH 2 


146 


OXMl 4 4 


HaDGTFTSDYSKYLDSRRACaDFVQWLmNTK-C0NH 2 


147 


OXM147 


HaQGT FTSDYSKYLDSRRACDFVQWLMNTK-CONH2 


148 


OXM14 8 


HaQGTFTSDYSKYLDSRRAC 8 DFVQWLMNTK--C0NH2 


149 


OXM14 9 


HaDGT FTS DYSK Yli DSRRACDFVQWLmNT3c-CONH2 


150 


OXM150 


HaDGT FTSDYS KYL DSRRAC 8 D FVQWLmNTk- C0NH 2 


151 


OXM151 


HaDGT FTS DYSKYLDSEAAQDFVQWLmNTKRNRNNIAC-CONH 2 


152 


OXM152 


HaDGTFTSDYSKYliDS-TtdsEC-CONH 2 


153 


OXM153 


HcU5GTFTSDYSKYLDSEAAQDFVQWLinNTKRNRNNIAC 8 -CONH 2 


154 


OXM154 


HaDGT FT S DYSKYLDSEAAQDFVQWLmNTKRNRNN I AC 3 - CONH 2 
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155 


OXM155 


HaDGTFTSDYSKYLDSRRAQDFVQWLniNTKRNRNNIA-Ttds-EEEEEC-COOH 


156 • 


OXM174 


HaQGTFTSDYSKYLDSRRAC 3 DFVQWLANTKRNRNNIA-CONH 2 


157 


OXM175 


HaQGT FT S DYS K YL DS RRAC 3 DFVQWLVNTKRN RNN I A-CONH 2 


158 


OXM17 6 


HaQGTFTSDYSKYLDSRRAC 3 DFVQWLaNTKRNRNNIA-CONH 2 


159 


OXM199 


HaQGTFTSDYSKYLDSRRAC 3 DFVQWLXNTKRNRNNIA-CONH 2 



a = a-aminoisobutyric acid (Aib); a - D-AJa; s - D-Scr, n = L-norlcucinc (Nle), X - O-mcthyl-hornoserine; Ci - 
Cys(mPEG)5kDa, C 2 = Cys(mPEG)20kDa, C 3 » CysCmPEG^OkDa, each corresponding to a cysteine residue PEGylatcd via the 
side-chain thiol with linear methoxyPEG (mPEG) or branched mPEG [(niPEG)^ of the indicated MW; C 4 -= Cys(Cholcsteryl), 
corresponding to a cysteine residue linked to cholesterol via the side-chain thiol; C5 = CysCCHjCONH^), corresponding to a 
cysteine residue in which the side-chain thiol was reacted with iodoacetamide; C 6 " Cys(mPEG) 2 60kDa, each corresponding to a 
cysteine residue PEGylated via the side-chain thiol with linear methoxyPEG (mPEG) or branched mPEG 2 mPEG [(mPEOJ of 
the indicated MW; H, - Imidazole-lactic acid (ImiH); H 2 = desamino-His (ANH 2 -H) f Ac - Acetyl; Pyr = pyroglutamyJ; Me~H = 
N-mcthyl-His; McrH = KN-dimcthy!-His; Bz - Benzoyl (C7H50); Bzl » Benzyl(C7H7); m = methionine sulfoxide. Cf= 
(Cys) 2 {raPEG)2-40kDa» each corresponding to two cysteine residues PEGylated via the side chain thiol to the same one linear 
methoxyPEG (mPEG) or one branched mPEG [(mPEG)a), C 8 = Cys(N-ethylmaleirnidyl); Ttds, l-aroino-4,7,10-trioxa-13- 
tridecanamine succinimic acid; k, D-Lysine. 

1.1. Amino Acid Substitutions and Modifications 

Substitution at X x (position 2 of OXM) is designed to improve the resistance of the 
OXM derivatives to proteolysis by DP-IV, which plays a key role in the degradation of many peptides, 
including OXM and GUM . It has been reported that substitution of Ser at position 2 with Gly in GLP-1 
improves resistance to DP-IV cleavage (Lotte, B. K., J. Med. Chem., 47:4128-4134 (2004)). In spite of 
the high degree of sequence homology between OXM and GLP-1 , the Ser->Gly substitution at position 2 
was not found to confer a similar effect on the modified OXM. However, the substitution of Ser at 
position 2 with Val, Be, Asp, Glu, Met, Trp, Asn, D-Ala, D-Ser, or a-aminoisobutyric acid rendered the 
corresponding OXM derivative more resistant to DP-IV than the wild-type OXM, as discussed infra in 
the Examples. Peptides with a substitution at Xi (position 2 of OXM) include: OXM4-7, 12, 23, 28-59, 
and the precursors of OXM33-36 and OXM55-59. 

The substitutions at X 2 (position 3 of OXM) are designed to create OXM derivatives that 
are selective agonists of GLP-1 R with minimal or no activation of GcgR. Such OXM derivatives may be 
advantageous when treating obese diabetics. Peptides with a substitution at X 2 (position 3 of OXM) 
include: OXM8-12, 15, 23, 53, 95, 96 and 97. 
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Similarly, the substitutions to Ala at X 3 and X 5 (positions 1 1 and 1 6) are designed to 
create OXM derivatives that are selective for GLP-1R and have no activity against GcgR. One such 
example of the substitutions to Ala at X 3 and X 5 (positions 1 1 and 16) is OXM24. 

The substitutions to cysteine at any one or more of positions X 3 Xi, X6 - X 8 , and Xi 0 - 
X u allow for the PEGylation or cholesterylation of the OXM derivative at specific sites. Other 
substitutions or modifications are known in the art and include those which physically adhere to the 
surface of the active agent but do not chemically bond to or interact with the active agent. Two or more 
such modifications can be employed and may be selected from known organic and inorganic 
pharmaceutical excipients, including various polymers, low molecular weight oligomers, natural 
products, and surfactants. 



1 .2. PEGylation and/or Cholesterylation 

The invention contemplates the use of multi-functional polymer derivatives, as 
exemplified by bifunctional and multi-arm N-maleimidyl PEG derivatives. A wide variety of 
polyethylene glycol (PEG) species may be used for PEGylation of the novel OXM derivatives of the 
present invention. Substantially any suitable reactive PEG reagent can be used and suitable species 
include, but are not limited to, those which are available for sale in the Drug Delivery Systems catalog of 
NOF Corporation (Yebisu Garden Place Tower, 20-3 Ebisu 4-chome, Shibuya-ku, Tokyo 150-6019) and, 
for exemplary purposes, of the Molecular Engineering catalog of Nektar Therapeutics (490 Discovery 
Drive, Huntsville, Ala. 35806). By way of example and not limitation, the following PEG reagents are 
often preferred in various embodiments: multi-Arm PEG, mPEG(MAL)2, mPEG2(MAL), any of the 
SUNBRIGHT activated PEGs (including but not limited to carboxyl-PEGs, p-NP-PEGs, Tresyl-PEGs, 
aldehyde PEGs, acetal-PEGs, amino-PEGs, thiol-PEGs, maleimido-PEGs, hydroxyl-PEG-amine, amino- 
PEG-COOH, hydroxyl-PEG-aldehyde, carboxylic anhydride type-PEG, functionalized PEG- 
phospholipid), and other similar and/or suitable reactive PEGs as selected by those skilled in the art for 
their particular application and usage. 

The novel OXM derivative peptides of the present invention can also contain two PEG 
moieties that are covalently attached via a carbamate or an amide linkage to a spacer moiety, wherein the 
spacer moiety is covalently bonded to the tertiary amide linker of the peptide. Each of the two PEG 
moieties used in such embodiments of the present invention may be linear and may be linked together at 
a single point of attachment. In one embodiment of the invention, each PEG moiety has a molecular 
weight of about 10 kilodaltons (10K) to about 60K (the term "about" indicating that in preparations of 
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PEG, some molecules will weigh more, and some less, than the stated molecular weight). Each of the two 
PEG moieties may have a molecular weight of about 20K to about 40K. One skilled in the art will be 
able to select the desired polymer size based on such considerations as the desired dosage; circulation 
time; resistance to proteolysis; effects, if any, on biological activity; ease in handling; degree or lack of 
antigenicity; and other known effects of PEG on a therapeutic peptide. 

In an embodiment of the present invention, the polymer backbone of the N-maleimidyl 
polymer derivative is a poly(alkylene glycol), copolymer thereof, terpolymer thereof, or mixture thereof. 
Examples include po!y(ethylene glycol), poly(propylene glycol), and copolymers of ethylene glycol and 
propylene glycol. As explained in greater detail below, more preferred embodiments of the invention 
utilize PEG polymers, such as Afunctional PEG, multiarmed PEG, forked PEG, branched PEG, pendent 
PEG, and PEG with degradable linkages therein. However, it should be understood that other related 
polymers are also suitable for use in the practice of this invention and that the use of the term PEG or 
poly(ethylene glycol) is intended to be inclusive and not exclusive in this respect. The term PEG includes 
poly(ethylene glycol) in any of its forms, including Afunctional PEG, multiarmed PEG, forked PEG, 
branched PEG, pendent PEG (i.e. PEG or related polymers having one or more functional groups pendent 
to the polymer backbone), or PEG with degradable linkages therein. 

The polymer backbone can be linear or branched. PEG is commonly used in branched 
forms that can be prepared by addition of ethylene oxide to various polyols, such as glycerol, glycerol 
oligomers, pentaerythritol and sorbitol. The central branch moiety can also be derived from several 
amino acids, such as lysine. The branched poly(ethy!ene glycol) can be represented in general form as 
RC-PEG-OHTJm in which R is derived from a core moiety, such as glycerol, glycerol oligomers, or 
pentaerythritol, and m represents the number of arms. Multi-armed PEG molecules, such as those 
described in U.S. Pat No. 5,932,462, which is incorporated by reference herein in its entirety, can also be 
used as the polymer backbone. 

Those of ordinary skill in the art will recognize that the foregoing list for substantially 
water soluble and non-peptidic polymer backbones is by no means exhaustive and is merely illustrative, 
and that all polymeric materials having the. qualities described above are contemplated. 

The sites of PEGyJation on the OXM derivatives of the present invention are chosen 
taking into account the structure of OXM and its interactions with glucagon and GLP-1 receptors. 
Hence, the PEGylation is preferably site-specific. PEGylation at the thiol side-chain of cysteine has been 
widely reported (see, e.g., Caliceti & Veronese, 2003). If there is no Cys residue in the peptide, it can be 
introduced through substitution. The OXM derivatives of the present invention may be PEGylated 
through the side chains of cysteine. The OXM derivatives may contain Cys(mPEG)teine. The mPEG in 
Cys(mPEG)teine can have various molecular weights. The range of the molecular weight is preferably 
5kDa to 200kDa, more 5kDa to 1 OOkDa, and further preferably 20 kDa to 60 kDA. The mPEG can be 
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linear or branched. For instance, the Cys(mPEG)teine of present invention may be C,, C3 or C 6 . As 
exemplified herein, C] is Cys(mPEG)teine with a linear mPEG with a molecular weight of 5kDa 
(Cys(mPEG)5kDa) (e.g., MPEG-MAL-5000, NEKTAR 2F2MOH01); C 2 is Cys(mPEG)teine with a 
linear mPEG with a molecular weight of 20kDa (Cys(mPEG)20kDa) (e.g., MPEG-MAL-20K, NEKTAR 
2F2M0P01); C 3 is Cys(mPEG)teine with a branched mPEG with a molecular weight of 40kDa 
(Cys(mPEG)240kDa) (e.g., MPEG2-MAL-40K, NEKTAR 2D3Y0T01 or Y Shape PEG Maleimide, 
MW40K (JenKem Technology, item number Y-MAL-40K or SUNBRJGHT GL2-400MA Maleimide, 
(NOF Corporation) and C 6 is Cys(mPEG)teine with a branched mPEG with a molecular weight of 60kDa 
(Cys(mPEG) 2 60kDa) (e.g., MPEG2-MAL-60K, NEKTAR 2D3 Y0V0 1 ). 

Alternatively, the cysteine residues in the OXM derivatives can also be derivatized with 
cholesterol via the side-chain thiol. Examples of cholesteryl OXM derivatives include: OXM36, 
OXM59, OXM65, OXM70, OXM76, OXM82, OXM88, and OXM101. 

1 .3. Other Modifications 

The N-terminal Histidine H x can be mutated with derivatives from the group consisting 
of His, Hi - Imidazole-lactic acid (ImiH); desamino-His (ANH 2 -H), acetyl His, pyroglutamyl His(PyrH, 
N-methyl-His (Me-H), N,N-dimethyl-His (Me 2 -H); Benzoyl His (Bz-H), Benzyl His (Bzl-H) and Phe. 
Acetylation and other modification and N-terminal capping groups at the N-terminus may stabilize OXM 
against DP-TV cleavage, while the amidation of C-terminus may prevent potential degradation in vivo by 
carboxypeptidases. OXM derivatives with N- 
terminal modifications include OXM14, and OXM16-22. 

As illustrated in the examples, equimolar doses of OXM2 and OXM3 were effective in 
reducing overnight body weight gain in mice fed ad libitum, whereas similar doses of OXM1 and wild 
type or native (wt) Oxm were not efficacious in this model. OXM3 had the highest in vivo efficacy in 
dose-dependent ly reducing overnight body weight gain, likely reflecting its higher potency against GLP- 
1R compared to OXM2, which has a bulkier PEG moiety that likely interferes with receptor binding. For 
the PEGylated OXM derivatives, increased in vivo efficacy relative to wt OXM suggests that some 
stabilization against proteolysis, and /or renal clearance, is induced by PEGylation alone, since both 
OXM2 and OXM3 are significantly less potent than native OXM against GLP-1R in vitro. 

Additionally, a blood component may be utilized to stabilize the peptide. Preferred blood 
components comprise proteins such as immunoglobulins, serum albumin, ferritin, steroid binding 
proteins, transferrin, thyroxin binding protein, alpha.-2-macroglobuIin, haptoglobin and the like. 

2. Synthesis of the OXM Derivatives 
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2.1 . The synthesis of p e ptides 

The following general procedure was used to synthesize some of the OXM derivatives. 
Solid phase peptide synthesis was performed using Fmoc chemistry under batch or continuous flow 
conditions (see, for example, Pennington and Dunn, Peptide Synthesis Protocols (1994), vol. 35) using 
PEG-polystyrene resins. Peptides were cleaved from the resin and deprotected using trifluoroacetic acid 
(TFA), and cation scavengers such as phenol triisopropylsilane, and water. Peptides were precipitated 
with cold methyl-t-butyl ether and the precipitated peptide was washed twice with cold ether prior to 
lyophilization. Peptide identity was confirmed by reversed-phase HPLC on a C4 column using 
water/acetonitrile with 0.1% TFA as typical mobile phases, and by electrospray mass spectrometry. 
Peptides were purified to > 95% by reverse phase HPLC. 

2.2 PEGvlation of peptides 

Peptides are first synthesized and are then PEGylated at the thiol side-chain of cysteine. 
The following general procedure was used for PEGylation of peptides. 

PEGylation reactions were run between a thiolated peptide precursor and a maleimide- 
mPEG to form a thioether bond. The reaction was run at a pH 7.3 and the maleimide-mPEG amount 
ranged from 0.5 to 10-fold molar excess with respect to the thiolated peptide. The PEGylated OXM 
peptide was then isolated using reverse-phase HPLC or ion-exchange chromatography followed by size 
exclusion chromatography. Finally, PEGylated peptides were characterized using analytical RP-HPLC, 
and MALDI tof mass spectrometry. 

i Implications of OXM-based therapy 

OXM-based therapy has the potential to favorably impact both obesity and diabetes. 
Weight loss efficacy and reduction in food intake upon peripheral administration of OXM has been well 
validated in humans. Studies by the present inventors have shown that peripherally administered porcine 
OXM is sufficient to reduce short term food intake and overnight body weight gain in mice. Although 
the incretin (antihyperglycemic) activity of OXM has not been well investigated to date, it has been 
demonstrated for the first time that the glucose lowering activity of OXM is comparable to that of GLP-1 
in a mouse intraperitoneal glucose tolerance test (IPGTT). Like GLP-1, OXM induces robust glucose 
stimulated insulin secretion (GSIS) from static isolated murine islets and perfused rat pancreata 
(Jarrousse et al., Endocrinology, 1 15:102-105 (1984)), suggesting a low risk of hypoglycemia compared 
to conventional insulin secretagogues. In rats, negligible effects of OXM on gastric emptying have been 
reported (Dakin et ah, Endocrinology, 145:2687-2695 (2004)). In mice, OXM reduces gastric emptying 
by -~ 25% at a maximally efficacious dose for glucose lowering, which is less than that produced by a 
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maximally efficacious dose of the GLP-1 receptor agonist exendin 4 (47% reduction). Potentially benign 
effects of OXM on gastric emptying in humans may therefore play a role in the enhanced tolerability of 
this peptide hormone compared to current GLP-1 mimetics. 

It is suggested that the polypeptides of the present invention may be useful for the 
treatment of obesity and/or diabetes. Secondary indications are metabolic syndrome, hyperglycemia, 
impaired fasting glucose, and other prediabetic states. Alternate indications for the polypeptides of the 
present invention include any and all indications for GLP-1 such as irritable bowel syndrome and other 
absorptive diseases of the gut, ischemia, stroke, and neurological disorders including anxiety, impaired 
cognition, and Alzheimer's disease. 

The peptidyl nature of OXM precludes oral therapy with the native hormone. By 
contrast, the OXM derivatives presented herein may be administered as a pharmaceutical composition 
comprising one of the polypeptides of the present invention in combination with a pharmaceutically 
acceptable carrier which is suitable for administration by a variety of routes, including but not limited to 
oral, intranasal, sublingual, intraduodenal, subcutaneous, buccal, intracolonic, rectal, vaginal, mucosal, 
pulmonary, transdermal, intradermal, parenteral, intravenous, intramuscular and intraocular at a dosage 
range of 0.001 mg/kg to 10 mg/kg, more preferably from lug/kg to 200 mg/kg with a dosing frequency 
ranging from twice daily to once per week or longer. The peptide pharmaceutical compositions can be 
administered in a variety of unit dosage forms depending upon the method of administration. Suitable 
unit dosage forms, include, but are not limited to powders, tablets, pills, capsules, lozenges, 
suppositories, patches, nasal sprays, injectables, implantable sustained-release formulations, lipid 
complexes, etc. The peptides are typically combined with a pharmaceutically acceptable carrier or 
excipient which can contain one or more physiologically acceptable compound(s) that may act to 
stabilize the composition or to increase or decrease the absorption of the active agent(s). Physiologically 
acceptable compounds can include, for example, carbohydrates, such as glucose, sucrose, or dextran, 
antioxidants, such as ascorbic acid or glutathione, chelating agents, low molecular weight proteins, 
protection and uptake enhancers such as lipids, compositions that reduce the clearance or hydrolysis of 
the active agents, or excipients or other stabilizers and/or buffers. Other physiologically acceptable 
compounds include wetting agents, emulsifying agents, dispersing agents or preservatives that are 
particularly useful for preventing the growth or action of microorganisms. Various preservatives are well 
known and include, for example, phenol and ascorbic acid. One skilled in the art would appreciate that 
the choice of pharmaceutically acceptable carrier(s), including a physiologically acceptable compound 
depends, for example, on the route of administration of the active agent(s) and on the particular physio- 
chemical characteristics of the active agent(s). 

The peptides can be administered in the native form or, if desired, in the form of salts 
provided the salts are pharmaceutically acceptable. Salts of the active agents may be prepared using 
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standard procedures known to those skilled in the art of synthetic organic chemistry. Polypeptides of the 
present invention, as detailed in the Examples, were prepared as acetate salts. 

An OXM polypeptide of the instant invention can be used in combination with other 
agents used in the treatment or prevention of diseases implicating the GLP1-R. Specific compounds of 
use in combination with a polypeptide of the present invention include: simvastatin, mevastatin, 
ezetimibe, atorvastatin, sitagliptin, metformin, sibutramine, orlistat, Qnexa, topiramate, naltrexone, 
bupriopion, phentermine, and losartan, losartan with hydrochlorothiazide. Specific CB1 
antagonists/inverse agonists of use in combination with a polypeptide of the present invention include: 
those described in WO03/077847, including: //-[3-{4-chlorophenyl)-2( 1 S)-phenyl-l(5>methylpropyl]-2- 
(4-trifluoromemyK2-pyrimidyloxy)-2-methyIpropanamide, 7^-[3-(4-chlorophenyI)-2-(3-cyanophenyl)-l- 
memylpropyl]-2-(5-trifluorometnyl-2-pyridyloxy)-2-methyIpropanamide, AT-[3-(4-chIorophenyl)-2-(5- 
chlorc>0-pyridyl)-l-memylpropyl]-2-(5-trifluoro and 
pharmaceutical^ acceptable salts thereof; as well as those in WO05/00Q809, which includes the 
following: 3-{l-[bis(4-chlorophenyl)methyl]azetidin-3-ylidene}-3-(3,5-difluorophenyl)-2,2- 
dimethylpropanenitrile, l-{ 1 -[1 -(4-chlorophenyl)pentyl]azetidin-3-yl }-l -(3,5-difluorophenyl)-2- 
methylpropan-2-oI. 3-((S)-(4-chlorophenyl){3-[(lS>l-(3,5-difluorophenyl)-2-hydroxy-2- 
methyIpropyl]azetidin- 1 -yl} methyl)benzonitrile, 3-((S)-( 4 -c lllo rophenyl){3-[(] S)-H3,5-difluorophenyl)- 
2-fluoro-2-methylpropyl]azetidin-l-yl}methyl)benzonitrile, 3-((4-chloropheny1){3-fl-(3,5- 
difluorophenyl)-2,2-dimethylpropyl]azetidin- 1 -y 1} methyl)benzonitrile, 3 -(( 1 S> l-{ 1 -[(S)-(3- 
cyanophenyl)(4^yanophenyl)memyl]azetidinO-yl}-^^ 3- 
[(SH4-chlorophenyl)(3-{( 1 S>2-fluoro- 1 -[3-fluoro-5-(4H- 1 ,2,4-triazol-4-yl)phenyl]-2- 
methylpropyl}azetidin-l-yI)methyl]benzonitrile, and 5-((4-chlorophenyl){3-[(lS>*H3,5-difluorophenyJ)- 
2-fluoro-2-methylpropyl]azetidin-l-yl}methyl)thiophene-3-carbonitrile, and pharmaceutical^ acceptable 
salts thereof; as well as: 3-[(5)-(4-chlorophenyl)(3-{( 1 5)-2-fluoro- l-[3-fluoro-5-(5-oxo-4,5-dihydro- 
1 ,3,4-oxadiazol-2-yl)phenyl]-2-methylpropyl}azetidin-l -yOmethyljbenzonitrile, 3-[(S)-(4- 
ch1orophenyl)(3-{(liS)-2-fluoro-l-[3-fluor^^ 
yl)methyl]benzonitrile, 3-[(£H3-{(l£)-l-[3-(S-amincM 

methylpropyl} azetidin-l-yl)(4-chlorophenyl)methyl]benzonitrile, 3-[(iS)-(4-cyanophenyl)(3-{( 1S)~2- 
fluoro-l-[3-fluoiXH5-(5^xcH4 J 5-dihydro-l,3,4MDxadiazol-2-yl)phenyl]-2-memylpropv 
yl)methyl]benzonitrile, 3-[(SHM0^H 3 <5-amincHl,3 3 4K>xadi^ 

methylpropyl} azetidin-l-yl)(4-cyanophenyl)methyl]benzonitrile, 3-[(5)-(4-cyanophenyl)(3-{( \Sy2- 
fluoro-l-[3-fluoro-5<l,3,4-oxadiazol-2-yI)phenyl^ 3- 
[(S)-(4-chlorophenyl)(3- {(1 ,S>2-fluoro- 1 -[3-fluoro-5-< 1 ,2,4-oxadiazol-3-yl)phenyl]-2- 
methylpropyl}azetidin-l-yl)methyI]benzonitrile, 3-[(15)-l-(^-{(«S>(4-cyanophenyl)[3-(l,2,4-oxadiazol-3- 
y l)pheny l]-methy 1} azetidin-3 -yl)-2-fluoro-2-methyIpropy l]-5-fluorobenzon i tri le, 5-(3- { 1 -[ 1 - 
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(dipbenylmethy0azetidinO-yl^ 5-(3-{l-[l- 
(diphenylmethyl)azetidin-3-yI]-2-fluorch2-m 5-(3- 
{14Hdiphenylmethyl)azetidin-3-yl]-2-fluor^ 

3- [(4-chloropbenylX3-{2-fluoro-H3-fluo 

methylpropyl} azetidin-1 -yl)methyl]benzonitrile, 3-[(4-chlorophenylX3- {2-fluoro-l -[3-fluoro-S-( 1 - 
methyl-l//-tetrazol-5-yl)phenyl]-2-methylpro^ 3-[(4- 
cyanopheny 1)(3 - {2-fhioro- 1 -[3-fluoro-5-( 1 -methyl- l/f4etra2ol-5-yl)phenyi]-2-methylpropyl } azeti din- 1 - 
yl)methyl]benzonitrile, 3-[(4-cyanophenyl)(3- {2-fluoro-l -[3-fluoro-5-(2-methyl-2/f-tetrazol-5- 
yl)phenyl]-2-rnethylpropyl}azetidin-l -yl)methyl]benzonitrile, 5-{3-[(«S)-{3-[(liS)-l -(3-bromo-5- 
fluorophenyl)-2-fluoro-2-rnethy lpropyl]azetidin-l -yl} (4-chIorophenyl)methy Ijphenyl }-l ,3,4-oxadiazol- 
2(3//)-one, 3-[(l^-l-(l-{(S>(4-chIorophenyl)[3<5-^^^ 

azetidin-3-yl)-2-fluoro-2-methylpropyl]-5-fluorobenzonitrile, 3-[(15)-l-(l-{(iSH4-cyanophenyl)[3-(5- 
oxo-4,5-dihydrol ,3 ,4-oxadiazol-2-yi)phenyl]methy 1 } azeti din-3-y1>2-fluoro-2-methylpropyi]-5 - 
fluorobenzonitrile, 3-[(liS>l-(l-{(S)-(4-cyanophenylX3-(l,3,4-^^ 
yl>2-fluoro-2-methylpropy))-5-fluorobenzonitrile 5 3-[(lS)-l-(l-{(.S>(4-chIorophenyO 
2-yI)phenyl]methyl}azetidin-3-yl>2-fluoro-2-methy]propyI]-5-fluorobenzonitri 3-((15>l-{H(S)-[3-(5- 
amincHl,3,4-oxadiazol-2-yI)phenyl](4-chloropheny^ 
fluorobenzonitrile, 3-((l«S>l-{l-[(S>[3-(5-amino-U 

cyanophenyl)methyl]azetidin-3-yl}-2-fluorcH2-m 3-[(l^)-l-(l-{(*9)-<4~ 
cy anopheny 1)[3 -( 1 ,2,4-oxadiazol-3 -y l)pheny l]methy I } azetid in-3-y l)-2-fluoro-2-methy lpropyl]-5- 
fluorobenzonitrile, 3-[(16)-l-(l-{(5)-(4-chlorophenyl)[3-(l,2 a 4-oxadiazol-3-yl)phenyl]methyl}azeddin-3- 
yl>2-fluoro-2-methyIpropyl]-5-fluorobenzonitrile, 5-[3-{(5>(4-chlorophenyl){3-[(15)-l-(3,5- 
difluorophenyl)-2-fluoro-2-methylpropyl] azetidin-1 -yl}methyi)phenyl]-l,3,4-oxadiazol-2(3i^0-one, 5-[3- 
((S)-(4-ch]orophenyl) {3-[( 1 5)-l-<3,5-difluoropheny I>2-fluoro-2-methyipropyl]azetidin-l- 
y^methyOphenylJ-l^^-oxadiazol^fS/O-one, 4-{(5>{3-[(liS)-l-(3,5-difluorophenyl)-2-iliJoro-2- 
methylpropyl]azetidiivl-yl}[3-(5K>xo-4 s 5-dihydro^ and 
pharmaceutically acceptable salts thereof. 

Specific NPY5 antagonists of use in combination with a polypeptide of the present invention 
include: 3-oxo-N-(5-phenyl-2-pyrazinyl>spiro[isobenzofuran-l(3H),4'-piperidine]-l '-carboxamide, 3- 
oxo-N-(7-trifluoromethyIpyrido[3,2-b]pyridin-2-^^ 

carboxamide, N-[5-(3-fluorophenyl>2-pyrimidinyl]^3-oxospiro-[isobenzofuran-l(3H),4'-piperi^ 
carboxamide, trans-3'-oxcHN-(5-phenyl-2-pyrimidinyl)spiro[c^^ 

carboxamide, trans-3'-oxo-N-[l~(3-quinolyl)-4-imidazolyl]spiro[cyclohexane-l,lX3'H)-isobenzofuran]- 

4- carboxamide, trans-3-oxo-N-(5-phenyl-2-pyrazinyl)spiro[4-azaiso-benzofuran- l(3H),r-cyclohexane]- 
4 , -carboxamide, trans-N-[5-(3-fluorophenyl>2-pyrimidinyl]-3-oxospiro[5-azaisobenzofuran- 1 (3H),1 
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cyclohexanej^-carboxarnide, trans->3-[5-(2-fluorophenyl)-2~pyrimidinyl]-3-oxospiro[5- 
azaisobenzofijran- 1 (3H). 1 7 -cyclohexane]-4'-carboxamide, trans-N-[l -(3,5-difluorophenyJ>4-imidazoIy 1]- 
3^xospiro[7-azaisobenzofuran-l (3H) 3 1 '-cyclohexane]-4*-carboxamide, trans-3 -oxo-N-( 1 -phenyl-4- 
pyrazolyl)spiro[4-azaisobenzofuran-l(3H) j r-cyclohexane]-4 , -carboxamide, trans-N-[l-(2-fluorophenyI> 
3-pyrazoly]]-3-oxospiro[6-azaisobenzoi\iran-] (3H),1 '-cyclohexaneH'-carboxamide, trans-3-oxoN-(I - 
phenyl-3-pyrazolyl)spiro[6-azaisobenzofiiran-l (3H), I '-cyclohexanej^'-carboxamide, trans-3-oxo-M-(2- 
phenyl-1 ,2,3-triazol-4-yl)spiro[6-azaisobenzofuran-l (3H),r-cyclohexane]-4'-carboxamide, and 
pharmaceutical ly acceptable salts and esters thereof. 

Specific ACC-1/2 inhibitors of use in combination with a polypeptide of the present 
invention include: 1 4(4,8-dimethoxyquinoIin-2-yl)carbony^ 
piperidin^-one, (5-{ r-[(4^Kiime^ 

yl}-2J/-tetrazoi-2-yl)methyl pivalate, 5-{ r-[(8-cyclopropyl-4-methoxyquinolin-2-yl)carbonyl]-4- 
oxospiro^hroman^^'-piperidin]^^!} nicotinic acid, r-(S-methoxy-4-morpholin-4-yl-2-naphthoyl>6- 
(l//-tetra2ol-5-yl)spiro[chroman-2,4 , -piperidin]-4-one, and r-[(4-ethoxy-8-ethylquino!in-2-yl)carbonyl]- 
6-(l// r -tetrazol-5-yl)spiro[chroman-2 a 4 , -piperidin]-4-one, and pharmaceutical ly acceptable salts thereof. 

Specific MCH1R antagonist compounds of use in combination with a polypeptide of the 
persent invention include: l-{4-[(l-ethylazetidin-3-yl)oxy]phenyl}-4-[(4-f]uorobenzyl)oxy]pyridin- 
2( \H)-one 7 4-[(4-fIuorobenzy l)oxy]- 1 - {4-[( 1 -isopropy Iazetidin-3-yl)oxy]phenyi} pyrid in-2( l//>one, 1 -[4- 
(azetidm-3-yloxy)phenyI]^-[(5-chIoropyridin^^ 4-[(5-chloropyridin-2- 
yl)methoxy]-l-{4-[(l^thylazetidinO-yl)oxy]phenyl}pyridin-2(l/0-<>ne» 4-[(5-chloropyridin-2- 
yl)methoxy]-l-{4-[(l-propylazetidin-3-yl)oxy]phenyl}pyridin-2(l//)* one > a "d 4-[(5-chloropyridin-2- 
yl)methoxy]-l-(4-{[(2^-l-ethylazetidin-2-yI]methoxy}phenyl)pyridin-2(l/0-^ne, or a pharmaceutically 
acceptable salt thereof. 

Specific DP-IV inhibitors of use in combination with a polypeptide of the present 
invention are selected from 7-[(3R)-3-aniino-4-(2 :> 4 5 5-trifluorophenyl)butanoyl]-3-{trifluoromethyl> 
5,6,7 ,8-tetrahydro-l,2,4-triazolo[4 > 3-a]pyrazine. In particular, the compound of formula I is favorably 
combined with 7-[(3R)0-amino-4^2,4,5-trifluorophenyl^ 

tetrahydro-l,2,4-triazolo[4,3-a]pyrazine, and pharmaceutically acceptable salts thereof. 

Additionally, other peptide analogs and mimetics of the incretin hormone glucagon-like 
peptide l(GLP-l), may also be of use in combination with a polypeptide of the present invention. 

Other features and advantages of the present invention are apparent from the additional 
descriptions provided herein including the different examples. The provided examples illustrate different 
components and methodology useful in practicing the present invention. The examples do not limit the 
claimed invention. Based on the present disclosure the skilled artisan can identify and employ other 
components and methodology useful for practicing the present invention. 
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EXAMPLES 

Example 1: Synthesis of Oxyntomodulin (OXM) analogs 

The peptide OXM analogs (see Table 1) were synthesized by solid phase using 
Fmoc/tBu chemistry on a peptide multisynthesizer APEX 396 (Advanced Chemtech) using a 40-welI 
reaction block. Each peptide was synthesized in a single well. For peptide amides 0.1 g of a resin 
Fmoc-Linker AM-Champion, 1% cross-linked (Biosearch Technologies, Inc.) and a PEG-PS based resin 
derivatized with a modified Rink linker p-[(R,S)-a-[9H-FIuoren-9-y3-methoxyfonnamido]-2,4- 
dimemoxybenzyl]-phenoxyacetic acid (Rink, H., 1987, Tetrahedron Lett. 23:3787-3789; Bernatowicz, 
M. S. et aL, 1989, Tetrahedron Lett. 30:4645-4667) was used. For peptide acids, 0.1 g of Champion 
resin, 1% cross-linked (Biosearch Technologies, Inc.) was used, which was previously derivatized with a 
hydroxymethylphenoxymethyl handle. All the amino acids were dissolved at a 0.5 M concentration in a 
solution of 0.5M HOBt (Hydroxybenzotriazole) in DMF. The acylation reactions were performed for 60 
min with 6-fold excess of activated amino acid over the resin free amino groups. The amino acids were 
activated with equimolar amounts of HBTU (2-(lH-benzotriazoIe-l-yl)-l,l,3,3-tetramethyluronium 
hexafluorophosphate) and a 2-fold molar excess of DIEA (N,N-diisopropylethyl amine). 

Alternatively, the peptides were synthesized by solid phase using Fmoc/t-Bu chemistry 
on a Pioneer Peptide Synthesizer (Applied Biosystems). In this case, ail the acylation reactions were 
performed for 60 minutes with a 4-fold excess of activated amino acid over the resin free amino groups 
following the end of peptide assembly on the synthesizer. The side chain protecting groups were: ten- 
butyl for Asp, Glu, Ser, Thr and Tyr; trityl for Asn, Cys, Gin and His; tert-butoxy-carbonyl for Lys, Trp; 
and, 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyI for Arg. For the OXM2 and OXM3 peptides, 
the acetylation reaction was performed at the end of the peptide assembly by reaction with a 10-fold 
excess of acetic anhydride in DMF. 

For OXM 14, L-pyroglutamic acid was acylated by reaction with equimolar amounts of 
DIPC (diisopropylcarbodiimide) and HOBt (N-hydroxybenzotriazo!e) with a 4-fold excess of activated 
acylant over the resin free amino groups. 

ForOXM16, imidazole-lactic acid (Imi-H) was acylated by reaction with equimolar 
amounts of PyBOP (Beiizotriazole-l-yl-oxy-tris-pyiTolidino-phosphonium hexafluorophosphate), HOBt 
and a 2-fold molar excess of DIEA (N,N-diisopropylethylamine) with a 4-fold excess of activated acylant 
over the resin free amino groups. 

For OXM 17, N-methyl-His (Me-H) was acylated by reaction with equimolar amounts of 
HBTU (2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethyluronium hexafluorophosphate) and a 2-fold molar 
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excess of DIEA. The acylation reaction was performed for 180 min with a 3-fold excess of activated 
acylant over the resin free amino groups. 

For OXM1 8, desamino-His (ANH 2 -H) was acylated by reaction with equimolar amounts 
of HBTU and a 2-fold molar excess of DIE A. The acylation reaction was performed for 1 80 min with a 
3 -fold excess of activated acylant over the resin free amino groups. 

For OXM 19, N,N-dimethy!-His (Me r H) was acylated by reaction with equimolar 
amounts of HBTU and a 2-fold molar excess of DIEA. The acylation reaction was performed overnight 
with a 3-fold excess of activated acylant over the resin free amino groups. 

For OXM20, benzoyl-His (Bz-H) was acylated by reaction with equimolar amounts of 
HBTU and a 2-fold molar excess of DIEA. The acylation reaction was performed for 240 min with, a 3- 
fold excess of activated acylant over the resin free amino groups. 

For OXM21, Benzyl-His (Bzl-H) was acylated by reaction with equimolar amounts of 
HBTU and a 2-fold molar excess of DIEA. The acylation reaction was performed overnight with a 3-fold 
excess of activated acylant over the resin free amino groups. 

At the end of the synthesis, the dry peptide-resins were individually treated with 20 mL 
of the cleavage mixture, 88% TFA, 5% phenol, 2% triisopropylsilane and 5% water (Sole, N. A. and G. 
Barany, 1992, J. Org. Chem, 57:5399-5403) for 1.5 hours at room temperature. Each resin was filtered 
and the solution was added to cold methyl-t-butyl ether in order to precipitate the peptide. After 
centrifugation, the peptide pellets were washed with fresh cold methyl-t-butyl ether to remove the 
organic scavengers. The process was repeated twice. Final pellets were dried, resuspended in H 2 0, 20% 
acetonitrile, and lyophilized. 

The synthesis of peptide OXM54 was performed by dissolving the thiol containing OXM 
peptide precursor (SEQ ID NO: 41) in TrisHCI 0.1M pH 8, guanidtniurn chloride 6M. A 10 molar excess 
of iodoacetamide was added. After 1 hour incubation, the peptide solution was purified by HPLC. 

The synthesis of peptide OXM55 was performed by dissolving the thiol containing OXM 
peptide precursor (SEQ ID NO: 64) in TrisHCI 0. 1M pH 8, guanidinium chloride 6M. A 1 0 molar excess 
of iodoacetamide was added to this solution. After 1 hour incubation, the peptide solution was purified 
by HPLC. 

The crude peptides were purified by reverse-phase HPLC using semi-preparative Waters 
RCM Delta-Pak™ C^ cartridges (40 x 2Q0 mm, 15 urn) and using as eluents (A) 0.1% TFA in water and 
(B) 0.1% TFA in acetonitrile. The following gradient of eluent B was used: 20%-20% over 5 min and 
20%-35% over 20 min, flow rate 80 mL/min. Analytical HPLC was performed on a Phenomenex, Jupiter 
C 4 column (150 x 4.6 mm, 5 um) with the following gradient of eluent B: 20%-40% B (in 20 min>80% 
(in 3 min), flow rate 1 mL/min. The purified peptide was characterized by electrospray mass 
spectrometry on a Micro mass LCZ platform. 
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Example 2: PEGvlation of Oxvntomodulin (OXM) analogs 

PEGylation reactions were run under conditions permitting thioester bond formation. 
The PEGylated OXM peptide was then isolated using reverse-phase HPLC or ion exchange 
chromatography and size exclusion chromatography (SEC). PEGylated OXM analogs were characterized 
using RP-HPLC, HPLC-SEC and MALDI-Tof Mass Spectrometry. 

OXM33, 34, 35, 36 and 54 peptides were synthesized from the thiol-coritaining OXM 
peptide precursor (SEQ ID NO: 41) to produce derivatives with PEG covalently attached via a thioether 
bond. 

Synthesis ofOXM33 

10 mg of peptide precursor (2.2 jamoles) were dissolved in 0.2 mL of HEPES 0.1M pH 
7.3, Guanidinium Chloride 6M, 2 mM EDTA. 22 mg of MPEG-MAL-5000 (NEKTAR 2F2MOH01) (4.4 
ujnoles) dissolved in 0.4 mL HEPES 0.1M, pH 7.3 (1 :2 mole/mole ratio of peptide to PEG) was added to 
this solution. After 1 hour incubation, the PEGylated peptide was purified by RP-HPLC and 
characterized by MALDI-Tof. 

Synthesis ofOXM34 

10 mg of peptide precursor (2.2 umoles) were dissolved in 0.2 mL of HEPES 0.1M pH 
7.3, Guanidinium Chloride 6M, 2 mM EDTA. 80 mg of MPEG-MA L-20K (NEKTAR 2F2MOP01) (4.0 
umoles) dissolved in 0.5 mL HEPES 0.1M, pH 7.3 (1:1.8 mole/mole ratio of peptide to PEG) was added 
to this solution. After 1 hour incubation, the PEGylated peptide was purified by RP-HPLC and 
characterized by MALDI-Tof. 

Synthesis of OXM35 

1 0 mg of peptide precursor (0.92 umoles) were dissolved in 0.4 mL of HEPES 0. 1M pH 
7.3, Guanidinium Chloride 6M, 2 mM EDTA. 70 mg of M PEG2-MAL-40K (NEKTAR 2D3Y0T01) (1.7 
umoles) dissolved in 0.8 mL HEPES 0.1M, pH 7.3 in a 1:1 .8 mole/mole ratio of peptide to PEG was 
added to this solution.. After 1 hour incubation, the PEGylated peptide was purified by RP-HPLC and 
characterized by MALDI-Tof. 

The control peptide OXM54, was prepared by incubating the thiol containing peptide 
precursor with 10 eq. of iodoacetamide in 0.1 M TrisHCl pH 7.5, 6M guanidinium chloride. After 30 
minutes incubation the peptide was purified by RP-HPLC and characterized by electrospray mass 
spectrometry. 
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The peptides OXM 56, 57, 58 were synthesized from the thiol containing OXM peptide 
precursor (SEQ ID NO: 64) to produce derivatives with PEG covalently attached via a thioether bond. 

Synthesis of OXM56 

5 mg of peptide precursor (1 .1 umoles) were dissolved in 0.2 mL of HEPES 0.1M pH 
7.3. 57 mg of MPEG-MAL-5000 (NEKTAR 2F2MOH01) (1 1 .4 umoles) dissolved in 0.4 mL HEPES 
0.1M, pH 7.3 (1:10 mole/mole ratio of peptide to PEG) was added to this solution.. After 1 hour 
incubation, the PEGylated peptide solution was acidified to 1% acetic acid and purified by cation 
exchange chromatography (IXC) on fractogel TSK CM-650S with a linear gradient of NaCl in sodium 
acetate 50 mM pH 4.8. The IXC purified PEGylated-peptide was further purified by size-exclusion 
chromatography (SEC) and characterized by MALDI-Tof. 

Synthesis of OXM57 

10 mg of peptide precursor (2.2 ujnoles) were dissolved in 0.2 mL of DMSO. 50 mg of 
MPEG-MAL-20K (NEKTAR 2F2M0P01) (2.5 ujnoles) dissolved in 0.6 mL HEPES 0. 1M pH 7.3, 0.3M 
TRIS(2-carboxy-ethyl)phosphine with a 1 :1 .13 mole/mole ratio of peptide to PEG was added to this 
solution.. After 1 hour incubation, the PEGylated peptide was purified by RP-HPLC and characterized by 
MALDI-Tof. 

Synthesis ofOXM58 

10 mg of peptide precursor (0.92 umoles) were dissolved in 0.4 mL of HEPES 0.1M pH 
7.3, Guanidinium Chloride 6M, 2 mM EDTA. 70 mg of MPEG2-MAL-40K (NEKTAR 2D3Y0T01) (1.7 
umoles) dissolved in 0.8 mL HEPES 0.1M, pH 73 (1 : 1 .8 mole/mole ratio of peptide to PEG) was added 
to this solution.. After 1 hour incubation, the PEGylated peptide was purified by RP-HPLC and 
characterized by MALDI-Tof. 

The control peptides OXM102, OXM1 12, and OXM116 were prepared by incubating 
the thiol-containing peptide precursor with 10 eq. of iodoacetamide in 0.1 M TrisHCl pH 7.5, 6M 
guanidinium chloride. After 30 minutes incubation the peptide was purified by RP-HPLC and 
characterized by electrospray mass spectrometry. 

Synthesis ofOXM103, OXM105, OXM107, OXM1J3 

10 mg of the corresponding peptide precursors (2.26 ujnoles) were dissolved in 2 mL of 
urea 8M, HEPES 0.1M pH 73, 2 mM EDTA. 109 mg of MPEG2-MAL-40K (NEKTAR 2D3Y0T01) 
(2.71 umoles) dissolved in H 2 0 (i: 1.2 mole/mole ratio of peptide to PEG) was added to this solution.. 
After 1 hour incubation, the PEGylated peptide solution was acidified to 1% acetic acid and purified by 
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cation exchange chromatography (DCC) on TSK CM-650S with a linear gradient of NaCl in sodium 
acetate 50 mM pH 4.8. The DCC purified PEGylated-peptide was further purified by SEC and 
characterized by MALDI-Tof. 

Synthesis ofOXM109 

10 mg of the corresponding peptide precursors (2.25 ftmoles) were dissolved in 2 ml urea 
8M, HEPES 0.1M pH 7.3, 2 mM EDTA. 108 mg of MPEG2-MAL-40K (NEKTAR 2D3Y0T01) (2.7 
jamoles) dissolved in 2 mL H2O (1 :] .2 mole/mole ratio of peptide to PEG) was added to this solution.. 
After 1 hour incubation, the PEGylated peptide solution was acidified to 1% acetic acid and purified by 
cation exchange chromatography (DCC) on TSK CM-650S with a linear gradient of NaCI in sodium 
acetate 50 mM pH 4.8. The DCC purified PEGylated-peptide was further purified by SEC and 
characterized by MALDI-Tof. 

Synthesis ofOXM117 

.10 mg of the corresponding peptide precursors (2.19 ^imoles) were dissolved in 2 mL of 
urea 8M, HEPES 0.2M pH 6.5, 2 mM EDTA. 105 mg of MPEG 2 -MAL-40K (NEKTAR 2D3Y0T01) 
(2.63 ujnoles) dissolved in H 2 0 (1 : 1 .2 mole/mole ratio of peptide to PEG) was added to this solution.. 
After I hour incubation, the PEGylated peptide solution was acidified to 1% acetic acid and purified by 
cation exchange chromatography (DCC) on TSK CM-650S with a linear gradient of NaCl in sodium 
acetate 50 mM pH 4.8. The DCC purified PEGylated-peptide was further purified by SEC and 
characterized by MALDt-Tof. 

Synthesis ofOXM125 

10 mg of the corresponding peptide precursors (2.26 fimoles) were dissolved in 2 mL of 
Urea 8M, HEPES 0.25M pH 6.5, 2 mM EDTA. 105 mg of MPEG 2 -MAL-40K (NEKTAR 2D3Y0T01) 
(2.71 jimoles) dissolved in H 2 0 (1:1.2 mole/mole ratio of peptide to PEG) was added to this solution.. 
After 1 hour incubation, the PEGylated peptide solution was acidified to 0.2% formic acid pH 2.8 and 
purified by cation exchange chromatography (DCC) on TSK SP-5PW with a linear gradient of NaCl in 
formic acid 0.2%. The DCC purified PEGylated-peptide was further purified by SEC and characterized 
by MALDI-Tof. 

Synthesis of OXM129 

10 mg of the corresponding peptide precursors (2.26 fimoles) were dissolved in 2 mL of 
Urea SM, HEPES 0.25M pH 6.5, 2 mM EDTA. 109 mg of MPEG2-MAL-4OK (NEKTAR 2D3Y0T01) 
(2.72 nmoles) dissolved in H 2 0 (1:1.2 mole/mole ratio of peptide to PEG) was added to this solution.. 
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After 1 hour incubation, the PEGylated peptide solution was acidified to 0.2% formic acid and purified 
by cation exchange chromatography (IXC) on TSK SP-5PW with a linear gradient of NaCl in formic acid 
0.2%. The IXC purified PEGylated-peptide was further purified by SEC and characterized by MALDI- 
Tof. 

Example 3 Design and synthesis of peptide sequences 

The biological activity of different PEG sizes (mPEG)5kDa, (mPEG)20kDa, 
(mPEG)2401cDa and (mPEG^OkDa was compared in a series of experiments which demonstrated that 
the optimal PEG size to confer the maximal and durable activity in the mice is generally 40kDa. 

The peptide OXM103 (Aib (a) at position 2) was designed to explore position 20 within 
the oxyntomodulin sequence as the site for conjugation with (mPEG)240kDa. OXM102 is a control 
peptide (CH 2 CONH 2 ), in which the side-chain thiol (of cysteine at position 20) was reacted with 
iodoacetamide. 

The peptide OXM105 (Aib (a) at position 2) was designed to explore position 21 within 
the oxyntomodulin sequence, as the site for conjugation with (mPEG) 2 40kDa. OXM104 is a control 
peptide (CH 2 CONH 2 ), in which the side-chain thiol (of cysteine at position 21) was reacted with 
iodoacetamide. 

The peptide OXM107 (Aib (a) at position 2, Met(0) at position 27) was designed to 
explore position 24 within the oxyntomodulin sequence, as the site for conjugation with (mPEGMOkDa. 
OXM106 is a control peptide (CH 2 CONH 2 ), in which the side-chain thiol (of cysteine at position 24) was 
reacted with iodoacetamide. 

The peptide OXM109 (Aib (a) at position 2,) was designed to explore position 28 within 
the oxyntomodulin sequence, as the site for conjugation with (mPEG^OkDa. OXM108 is a control 
peptide (CH 2 CONH 2 ), in which the side-chain thiol (of cysteine at position 28) was reacted with 
iodoacetamide. 

The peptide designated OXM141 has a Gin to Asp mutation at position 3, which confers 
specific selectivity to the GLP1 -receptor. The peptide OXM141 , which has a Gin to Asp mutation at 
position 3, Met(0) at position 27, and two conjugation sites at position 20 and 38, was designed to 
explore the potential of having a peptide conjugated with both a cholesterol group at C38 and PEG at 
position C20. 

The peptide OXM142 (Aib (a), Met(O) at position 27, and two conjugation sites at 
position 20 and 38) was designed to explore the potential of having a peptide conjugated with both a t 
cholesterol group at C38 and PEG at position C20. 

Figure 1 4 summarizes the in vitro activity data for GLP 1R and GCG receptors (also 
showing the GLP-1R and GJLGR specificities) in tabular form. The (mPEG) 2 40kDa conjugate at position 
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C20 retains activity on both receptors, therefore OXM103 as is referred to as a +/+ analog, while all the 
other (mPEGMOfcCte conjugates lose potency at the GCG receptor. In particular there is a between 2-3 
orders of magnitude selectivity towards the GLP-1 receptor over the Gcg receptor for the (mPEG^OkDa 
conjugates at position 38, 24 and 28. Therefore, the analogs OXM99,107 and 109 are referred to as +/0 
analogs. 

Figure 1 5 shows the in vivo activity of the (mPEG) 2 40kDa conjugates on food intake and body 
weight loss on DIO mice. Ad libitum fed, DIO (-51 g each) , male C57BL/6 mice were dosed i.p. with 
either vehicle (water) or Oxm analogs 99, 103, 105, 1 07, and 109 -30 min prior to the onset of the dark 
phase. Food intake measured ~2 h and 1 8 h (overnight) later on day 1 and 26 and 42 h (overnight) later 
on day 2. *P < 0.05 vs. vehicle, n = 5-6 per group). 

The peptide OXM1 10 (D-Ser (s) at position 2,) was designed to explore position 38 
within the oxyntomodulin sequence, as the site for conjugation with a lipid such as a palmitoyl group. 
The palmitoyl group was acylated to the e-amino group of a lysine added at the C-terminus of the 
oxyntomodulin sequence. 

The peptide OXM1 13 (desamino-His (ANH 2 -H) at position 1, Aib (a) at position 2, 
Met(0) at position 27, conjugation site 38) was designed to explore the potential of substituting the wild 
type (wt) His with a desamino-His at position 1 for protection from DPPIV proteolysis. OXM1 1 3 is the 
(mPEGMOkDa conjugate, OXM1 14 is the cholesteryl conjugate and OXM1 12 is a control peptide 
(CH 2 CONH 2 ), in which the side-chain thiol (of cysteine at position 38) was reacted with iodoacetamide). 
(OXM1 1 1 is the thiolated peptide precursor). 

The peptides OXM1 1 7 and OXM1 1 8 (Aib (a) at position 2, Gin to Asp mutation at 
position 3, Met(O) at position 27, conjugation site 38) were designed to explore the potential of 
substituting the wild type Gin with an Asp at position 3. As mentioned above, this mutation confers 
specific selectivity towards the GLP-1R. OXM117 is the (mPEG) 2 40kDa conjugate and the OXM1 18 is 
the cholesteryl conjugate. (OXM1 16 is the thiolated peptide precursor). 

The peptide OXM121 (Aib (a) at position 2, Met(O) at position 27, conjugation site 1 1) 
was designed to explore position 1 1 within the oxyntomodulin sequence as the site for the conjugation. 
OXM121 is the (mPEG^OkDa conjugate, OXM1 19 is the thiolated peptide precursor and OXM120 is a 
control peptide (CH 2 CONH 2 ), in which the side-chain thiol (of cysteine at position 11) was reacted with 
iodoacetamide. 

The peptide OXM124 (Aib (a) at position 2, Met(O) at position 27, conjugation site 12) 
was designed to explore position 12 within the oxyntomodulin sequence as the site for conjugation. 
OXM124 is the (mPEG) 2 40kDa conjugate, OXM122 is the thiolated peptide precursor and OXM123 is a 
control peptide (CH 2 CONH 2 ), in which the side-chain thiol (of cysteine at position 12) was reacted with 
iodoacetamide. 
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The peptide OXM125 (Aib (a) at position 2, Gin to Asp mutation at position 3, Met(O) 
at position 27, conjugation site 20) was designed to explore position 20 within the oxyntomodulin 
sequence as the site for conjugation of (mPEG^OkDa as well as the Gin to Asp substitution at position 3 
that confers selectivity towards the GLP-1R 

The peptide OXM127 (Aib (a) at position 2, Met(0) at position 27, conjugation site 22) 
was designed to explore position 22 within the oxyntomodulin sequence as the site for conjugation for 
cholesterol. (OXM126 is the thiolated peptide precursor). 

The peptide OXM129 (desamino-His (ANH 2 -H) at position 1 , Aib (a) at position 2, Gin 
to Asp mutation at position 3, Met(0) at position 27, conjugation site 20) was designed to explore the 
potential of the following combinations: substituting the wt His with desamino-His at position 1 for 
protection from DPPIV proteolysis, the Gin to Asp substitution at position 3 that confers selectivity 
towards the GLP-1R, and conjugation at position 20. 

The peptide OXM134 (Aib (a) at position 2, Met(0) at position 27, conjugation site 20) 
is a(mPEG)240kDa conjugate similar to the potent +/+ OXM103 analogue that only differs for the 
methionine substitution to methionine sulfoxide. This peptide is conjugated at the position 20 therefore 
displaying a +/+ pattern for GLPlR/GcgR selectivity. 

Example 4 C-terrainal Truncated analogs or GcgK analogs 
C-terminal truncated analogs 

A series of peptide OXM C-terminal truncated analogs were designed. An analysis of in 
vitro activity on both the GLP1 receptor (GLP1R) and the Gcg receptor (GcgR) demonstrated that the 
OXM sequence can be truncated at the C-terminus to have only one extra lysine residue with respect to 
wt glucagon, yielding a peptide such as OXM93 that is extremely potent on both the GLP1R and GcgR. 
The potency of OXM93 is at least one order (and possibly two) of magnitude higher than that of wt 
OXM. Because there is only one extra Lys residue with respect to Gcg, this new class is referred to as 
GcgK analogs. Figure 16 illustrates in vitro potency data for the C-terminal truncated analogs acting at 
the GLP1 and GCG receptors in tabular form. 
C-terminal truncated analogs which are selective GcgK analogs 

Peptides OXM130 and OXM131 were designed to confirm the in vitro analysis and 
introduce other mutations that are known to confer stability and suitable properties. OXM130 and 
OXM131 are C-terminal truncated analogues of the same length as OXM93. OXM130 has Aib (a) at 
position 2, while OXM13 1 has Aib (a) at position 2 and a Gin to Asp mutation at position 3 to confer 
selectivity for the GLP 1 R. 

The following PEGylated analogs were designed based on these truncated sequences: 
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The peptide OXM136 (Aib (a) at position 2, Met(0) at position 27, conjugation site 20) 
is the (mPEGMOkDa conjugate. From prior studies (see above) it is known that the choice of PEG 
conjugation at position 20 allows for activity on both receptors GLP1R and GcgR, therefore OXM136 
would be defined as the prototype Gcg +/+ analogue. (OXM135 is the thiolated peptide precursor). 

The peptide OXM138 (Aib (a) at position 2, Gin to Asp mutation at position 3, Met(0) 
at position 27, conjugation site 20) was designed to explore the potential of the following combinations: 
the Gin to Asp substitution at position 3 that confers selectivity towards the GLP-1R; conjugation at 
position 20 and mutating the wt Gin to Asp at position 3. Therefore OXM137 would be defined as the 
prototype GcgK +/0 analog (OXM137 is the thiolated peptide precursor). 

Figure 17 provides in vitro potency data at the GLP1 and GCG receptors for select 
PEGylated OXM analogs. 

Example 5: Peptides with alternative PEG moieties 

The peptide OXM145 (Aib (a) at position 2 9 Gin to Asp mutation at position 3, Met(0) 
at position 27, conjugation site 38 with Y Shape PEG Maleimide from JenKem Therapeutics) was 
produced to explore the potential of using alternative branched 40 kDa PEG moieties. This is the 
conjugate obtained using a (mPEG^OkDa from JenKem Therapeutics (Y-Shaped PEG Maleimide, 
MW40K, item number Y-MAL-40K and its structure is shown below: 



- J* J Ik 
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MW s 44,000 +/- 500O Da 

OXM 145 



The peptide OXM146 is characterized by Aib (a) at position 2, Gin to Asp mutation at 
position 3, Met(0) at position 27, conjugation site 38 with SUNBRIGHT GL2-400MA Maleimide from 
NOF corporation. This is the conjugate obtained using a (mPEG^OkDa from NOF Corporation 
(SUNBRIGHT GL2-400MA Maleimide) and its structure is shown below: 
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The peptide OXM1 5 1 (Aib (a) at position 2, Gin to Asp mutation at position 3, Arg to 
Glu mutation at position 17,. Arg to Ala mutation at position 18, Met(0) at position 27, conjugation site 
38) was designed to confer in vivo increased stability to the peptide sequence. 

A detailed study was undertaken in which OXM139 was incubated in PBS containing 
10% of mouse or human plasma at 37°C. Sample preparation was accomplished by mixing 1 uL of test 
solution and 1 pL of matrix (a-cyano) directly on the sample plate. After crystallization Tof spectrum 
was collected: Time points at 30, 60, 120 and 720 minutes were analyzed and compared with the same 
time points of the control test solutions. Within the peptide sequence, the bond between Arg 17 and 
Argl8 has been identified to be a primary hydrolysis site. The bond between Argl8 and Alal9 was also 
identified as a secondary site of hydrolysis, so it was decided to introduce mutations at sites 17 and 1 8. 
Specifically, Arg 1 7 was mutated to Glu and Arg 1 8 was mutated to Ala. The peptide OXM1 53 is the 
N-ethyl maleimide analog of OXM151. The peptide OXM154 is the conjugate obtained using a 
(mPEGMOkDa from NOF Corporation (SUNBRIGHT GL2-400MA Maleimide). 

The peptide OXM152 spans residues 1 to 16 of the Oxyntomodulin sequence (Aib (a) at 
position 2, Gin to Asp mutation at position 3, Ttds at position 17 as a spacer, Cys at position 1 8 for 
conjugation) and is a peptide that can be conjugated to a carrier protein to raise antibodies specific 
against the 1-16 sequence. 

The peptide OXM155 (Aib (a) at position 2, Gin to Asp mutation at position 3, Met(0) 
at position 27, Ttds at position38, 5 glutamic residues a position 39-43, Cys at position 44 for 
conjugation) is another peptide that can be conjugated to a carrier protein to raise antibodies. The 
addition of glutamic acids at the C terminus is needed for pi modulation that will enable conjugation to 
the carrier protein, as described in "A Method to Make a Peptide-Carrier Conjugate with a High 
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Immunogenicity," Provisional Application, Serial No. 60/530867, filed on December 18, 2003, and 
herein incorporated by reference in its entirety. 

Example 6 New Truncated analogs or GcgK analogs 

The peptide OXM143 (Aib (a), Met(O) at position 27, conjugation site 20) is the N- 
ethyl maieimide analog of OXM135. 

The peptide OXM144 (Aib (a), Gin to Asp mutation at position 3, Met(0) at position 
27, and conjugations site at position 20 is the N-ethyl maieimide analog of OXM137. 

The peptide OXM147 (Aib (a) at position 2, conjugation site 20) was designed to have a 
native Methionine residue at position 27 within the GcgK analog series having the conjugation site at 
C20. The rationale for this. design was that a peptide analog with a native methionine is more active on 
the glucagon receptor. 

The peptide OXM148 (Aib (a) at position 2, conjugation site 20) is the N-ethyl 
maieimide analog of OXM147. 

The peptide OXM149 (Aib (a), Gin to Asp mutation at position 3, Met(0) at position 
27, conjugations site at position 20 and D-Lysine replacement at position 30) was designed to provide 
protection in vivo from enzymatic degradation of the C-terminus of the peptide. The peptide OXM150 is 
the N-ethyl maieimide analog of OXM149. 

A similar study of stability was performed on a GcgK series analog OXM144 to 
determine the primary sites of hydrolysis by incubation with PBS, containing 1 0% of either mouse or 
human plasma. In this instance, the bond between Argl7 and Argl8 was identified as a primary 
hydrolysis site. Also the.bond between Argl 8 and AIal9 was identified as a secondary site of hydrolysis. 
For this reason, it was decided to introduce mutations at the sites 17 and 18 also in the GcgJKL analog 
series. 

Synthesis ofOXM145 

54 mg of the corresponding peptide precursors (1 1 .8 jimoles) were dissolved in 2 mL of 
Urea 8M, HEPES 02M pH 6.5, 2 mM EDTA. 569 mg (14.2 umoles) of Y-Shaped PEG Maieimide, 
MW40K (JenKem Technology, item number Y-MAL-40K) dissolved in H2O (1 : 1 .2 mole/mole ratio of 
peptide to PEG) was added to this solution. After 1 hour incubation, the PEGylated peptide solution was 
acidified to 0.2% formic acid pH 2.8 and purified by cation exchange chromatography (DCC) on TSK SP- 
5PW with a linear gradient of NaCI in formic acid 0.2%. The IXC purified PEGylated-peptide was 
further purified by SEC and characterized by MALDI-Tof. 

Synthesis ofOXM146 
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55 mg of the corresponding peptide precursors (12 umoles) were dissolved in 2 mL of 
Urea 8M, HEPES 0.2M pH 6.5, 2 mM EDTA. 53 1 mg (13.2 umoles) of SUNBR1GHT GL2^00MA 
Maleimide, (NOF Corporation) dissolved in H 2 Q (1:1.1 mole/mole ratio of peptide to PEG) was added to 
this solution.. After 1 hour incubation, the PEGylated peptide solution was acidified to 0.2% formic acid 
pH 2.8 and purified by cation exchange chromatography (DCC) on TSK SP-5PW with a linear gradient of 
NaCl in formic acid 0.2%. The IXC purified PEGylated-peptide was further purified by SEC and 
characterized by MALDI-Tof. 

Example 7: Measurement of GLP-1 Receptor (GLP-1R) Signaling Using a Cyclic AMP (cAMP) 
Homogenous Time Resolved Fluorescence (HTRF) Assay and Evaluation of Resistance to DP-IV 

Chinese hamster ovary (CHO) cell lines stably transfected with a mutant form of the human 
GLP-1R with bioactivity similar to that of the native receptor were maintained in complete Iscove's 
Modified Dulbecco's Medium (TMDM) media containing fetal bovine serum (FBS), penicillin- 
streptomycin, hypoxanthine-thymidine and G418. A homogenous time resolved fluorescence (HTRP) 
assay for GLP-1 receptor activation was used to measure cAMP accumulation in transfected cells upon 
incubation with peptides of this invention following the manufacturer's instructions (Cis Bio), with the 
exception that cells were incubated with ligand, XL-665 and anti-cAMP cryptate at 37 °C. The assay was 
conducted in a 96 half-well plate format and the plate was read using a Perkin Elmer Envision plate 
reader. For polypeptides and polypeptide fragments/derivatives of this invention, "activation" of the 
GLP-1 receptor in a cAMP HTRF assay is induction of a maximal activity that is at least about 60% and 
up to about 200% of the maximal activity induced by the native human OXM sequence with a relative 
potency of at least 0.04% up to about 1000%. "Relative potency" is the EC 50 of native human OXM 
divided by the EC 50 of the polypeptide of the invention, multiplied by 100. "EC 50 " is the concentration of 
a polypeptide at which 50% of the maximal activity is achieved. 

To measure resistance to DP-IV cleavage, a 5 uM solution of peptide was pre-incubated 
with 10 nM of recombinant soluble human DP-IV in 100 ui assay buffer (10 mM HEPES, pH 7.5 3 0.05% 
BSA) at 37°C for 2 hours. Activation of hGLP-lR was subsequently measured using the Cis Bio HTRF 
cAMP assay and compared to control peptides pre-incubated at 37 °C for 2 hours in the absence of DP- 
IV. For polypeptides and their fragments/derivatives of this invention, "resistance to DP-IV" in this 
experiment is defined as a potency ratio of 0.1 up to 35, where "potency ratio" is the EC 50 of a peptide 
preincubated with DP-IV divided by the EC 5 o of the same polypeptide of the invention preincubated 
without DP-IV. (Fig. 2) 
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Example 8: Measurement of Glucagon Receptor (GcgR) Signaling Using a Cyclic AMP Flashplate 

Assay. 

CHO cells expressing the cloned human glucagon receptor (CHO-hGCGR) (Cascieri et 
aL, J. Biol. Chem. (1999), 274, 8694-8697) were maintained in IMDM supplemented with 10% FBS, 1 
mM L-glutamine, Penicillin-Streptomycin (lOOU/ml ), and G41 8 (500ug/ml). cAMP levels in 
transfected cells upon incubation with peptides of this invention were determined with the aid of a 
Flashplate assay (SMP-004B, Perkin Elmer Life Sciences) following the manufacturer's instructions. 
The cell stimulation was stopped by addition of an equal amount of a detection buffer containing cell 
lysis agent and 125 I-labeled cAMP tracer. The ,25 I-cAMP bound to the plate was determined using a 
liquid scintillation counter and used to quantitate the amount of cAMP present in each sample. For 
polypeptides and polypeptide fragments/derivatives of this invention, "activation" of the Gcg receptor in 
a cAMP Flashplate assay is induction of a maximal activity that is at least about 60% up to about 200% 
of the maximal activity induced by the native glucagon peptide with a relative potency of at least 0.04% 
up to about 10000%. "Relative potency" is the EC50 of native glucagon (EC 50 = 70 pM) divided by the 
EC50 of the polypeptide of the invention, multiplied by 100. "EC50" is the concentration of a polypeptide 
at which 50% of the maximal activity is achieved. Native porcine OXM activated the glucagon receptor 
with an EC50 of 2.4 nM in this assay. 

Example 9: Effect On Blood Glucose Excursion During An Intraperitoneal Glucose Tolerance Test 
(TPGTT> In Lean Mice 

Male C57BL/6N mice were distributed by weight into treatment groups and fasted 
approximately 5 hours prior to the start of the study. Baseline (t = -30 min) blood glucose concentration 
was determined by glucometer from tail nick blood. Animals were then injected intraperitoneally (i.p.) 
with vehicle (saline) or a polypeptide of the invention (0.01-1 0 mg/kg). Blood glucose concentration was 
measured 30 minutes after treatment (t = 0 min) and mice were then challenged i.p. with dextrose (2 g/kg, 
1 0 mL/kg). One group of vehicle-treated mice was challenged with normal saline as a negative control. 
Blood glucose levels were determined from tail bleeds taken 20, 40, 60 and 120 min after dextrose 
challenge. The blood glucose excursion profile from t = 0 to t — 120 min was used to integrate an area 
under the curve (AUC) for each treatment. Percent inhibition of glucose excursion for each treatment 
group was calculated from the AUC data normalized to the water-challenged controls as per the formula: 

% inhibition = AUC <^~ AUC p^ e xl 00 where 
AUC^-AUC^ 

AUQcx = average AUC for vehicle-treated dextrose-challenged animals, 
AUCpeptide ~ average AUC for peptide-treated dextrose-challenged animals, and 
AUCjaimc — average AUC for vehicle-treated saline-challenged animals. 
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Incretin activity of a polypeptide of the invention in IPGTT is manifested as a dose- 
dependent increase in percent inhibition of glucose excursion, reaching at least 30% at the 10 mg/kg 
dosage. (Fig. 2) 

Example 10: Acute effects on food intake and body weight in lean mice 

Approximately 3-month-old, ad libitum fed, male C57BL/6N mice were weighed and 
either vehicle (water) or OXM2 or OXM3 dissolved in vehicle was administered by i.p. injection -30 
min. prior to the onset of the dark phase of the light cycle. A pre-weighed aliquot of rodent chow 
(Teklad 7012) was provided in the food hopper of the wire cage top ~5 min. prior to the onset of the dark 
phase of the light cycle and weighed 2 and 18 hr (overnight) after the onset of the dark phase of the light 
cycle. Absolute changes in food intake were calculated for each animal by subtracting the amount of 
food remaining in the food hopper at the specified time points from that of the corresponding original 
pre-weighed aliquot. Absolute changes in body weight were calculated for each animal by subtracting 
the body weight of the animal prior to dosing from thaU>f the corresponding animal at the specified time 
points. All values were reported as mean =fc SEM and peptide treatment groups were analyzed by the two- 
tailed unpaired Student's t test with reference to vehicle-treated animals. Reductions in food intake at 
any time point and/or in overnight body weight gain are considered to be statistically significant for P 
values < 0.05 and denotes efficacy of the corresponding OXM polypeptide (OXM2 or OXM3) in this 
model. (Fig. 3) 

Example 1 1 : Enhancement of glucose-stimulated insulin secretion in mice 

The in vitro potencies of native OXM in mediating insulin secretion at 16 mmol/1 
glucose were evaluated by measuring glucose-stimulated insulin secretion (GSIS) at 16 mmol/1 glucose 
in the presence of increasing concentrations of the native OXM peptide in islets from wild type C57BL/6 
mice and in MTN6c4 cells, a mouse insulinoma cell line with robust GSIS activity (Minami K, et al 2000 
Am J Physiol Endocrinol Metab. 279:E773-E781). Pancreatic islets of Langerhans were isolated from the 
pancreas of normal C57BL/6J mice (Jackson Laboratory, Maine) by collagenase digestion and 
discontinuous Ficoll gradient separation, a modification of the original method of Lacy and Kostianovsky 
(Lacy et al., Diabetes 16:35-39, 1967). The islets were cultured overnight in RPMI 1640 medium (1 1 mM 
glucose) before GSIS assay. To measure GSIS, islets were first preincubated for 30 minutes in the Krebs- 
Ringer bicarbonate (KRB) buffer with 2 mM glucose (in Petri dishes). The KRB medium contains 143.5 
mM Na + , 5.8 mM K + , 2.5 mM Ca 2+ , 1 .2 mM Mg 2 *, 1 24. 1 mM Cl\ 1 .2 mM PO^, 1 2 mM S0 4 2 *, 25 mM 
C0 3 2 ", 2 mg/ml bovine serum albumin (pH 7.4). The islets were then transferred to a 96-well plate (one 
islet/well) and incubated at 37 °C for 60 minutes in 200 \x\ of KRB buffer with 2 or 16 mM glucose, 
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along. with other agents to be tested such as GLP-1 and OXM (Zhou et al., J, Biol. Chem. 278:51316- 
51323, 2003). Insulin was measured in aliquots of the incubation buffer by ELISA with a commercial kit 
(ALPCO Diagnostics, Windham, NH). The insulin secretion in the MIN6c4 cell was measured in cell 
seeded in 96-well plate in similar manner. 

As shown in Fig. 4, the native OXM significantly enhanced GSIS in both mouse islets 
and the MIN6c4 ceil. The EC50 of OXM on GSIS was about 2.9 nM in murine islets (Fig. 4A) and 155 
pM respectively, Fig. 4B). Native GLP-1 was used as the positive control in this experiment. The 
maximal GSIS effects of the two peptides were similar in both islets and in MIN6 cells. 

OXM activates both GLP-1R and GCG-R heterologously expressed in CHO cells as 
described in Example 7 and 8, and both receptors are known to be functional in pancreatic p-cells. To 
discern the potential roles of these two G-protein coupled receptors in the incretin action of OXM, the 
effects of OXM, GLP-1 and GCG on GSIS in islets from GLP-1R-/- mice (Scrocchi LA, et al. 1996 Nat 
Med 2:1254-1258) and age-matched WT C57BL/6 mice were examined. Consistent with previous 
results, all three peptides (10 nM each) were equally efficacious in augmenting GSIS at 16 mmol/1 
glucose from WT murine islets (Fig. 5A). GSIS and the potentiation of GSIS by GCG were not impaired 
in GLP-1 R-/- islets, whereas both GLP-1 and OXM were completely unable to enhance GSIS in the 
latter. The involvement of GLP-1 R in the incretin action of OXM was also indicated by antagonism of 
this activity by exendin-9, a widely-used peptide antagonist of GLP-1 R. The potentiation of GSIS by 
OXM and GLP-1 was completely blocked in WT islets by 0.5 pJVI exendin-9 (Fig. 5B). 

The potential participation of GCG-R in the incretin action of OXM was tested by 
comparing peptide-mediated GSIS at 16 mmol/1 glucose in islets from WT and GCG-R-/- mice (Gelling, 
XQ, et al 2003; Proc. Natl. Acad. Sci. U. S. A. 100: 1438-1443). As described earlier, all three peptides 
(GLP-1, OXM and GCG, at 10 nM each) enhanced GSIS in WT islets with equal efficacy (Fig. 6A). 
Compared to size-matched WT islets however, insulin secretion at both 2 and 16 mM glucose was 
reduced by -2-fold in GCG-R-/- islets (Fig. 6A). Islet insulin content was also reduced in GCG-R -/- 
islets by >3-fold relative to WT (Fig. 6B). GCG (10 nM) did not enhance GSIS at 16 mM glucose in 
GCG-R-/- islets whereas both GLP-1 and OXM (10 nM) significantly increased GSIS in this assay. 
When data were expressed as fractional GSIS (% insulin released relative to total islet insulin content), 
the fold-increase in GSIS mediated by OXM was reduced by only 32% (1.7 vs 2.5 fold) in GCG-R-/- 
islets relative to WT (Fig. 6C), whereas the fold-stimulation of GSIS by GLP-1 remained the same (2.5 
fold). In contrast, GCG did not increase fractional GSIS over baseline (DMSO) in GCG-R-/- islets. These 
data suggest that GCG-R may play limited role in the action of OXM on GSIS. 

To determine whether the glucose-lowering effect of OXM (as described supra and as 
shown in Figure 2) was secondary to increased in vivo GSIS the effects of OXM on plasma glucose and 
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insulin levels during an IPGTT in WT and GLP-1R-/- mice was analyzed. Mice fasted overnight were 
; pre-dosed with 0.3 mpk (mg peptide per kg of body weight) of native OXM (i.p.) prior to glucose 
challenge. The GLP-1 mimetic exendin-4 (dosed at 0.02 mpk i.p.) (Thorens, B, et al. 1993; Diabetes. 42: 
1678-1682) was used as a comparator in this study. As shown in Fig. 7 A, both exendin-4 and OXM 
significantly reduced glucose levels during an IPGTT in WT mice, with exendin-4 being more potent in 
suppressing glucose excursion. The area under the curve (AUC) for glucose excursion in the 0.3 mpk 
OXM treated group was reduced by approximately 30% relative to the vehicle group [13025 ± 524 
versus 19928 ± 81 1 mg/dl/60min], p<0.001, n=10 (vehicle) or 5 (OXM)], whereas reduction of glucose 
AUC in the exendin-4 treated group was > 60% (AUO6601 ± 179 mg/dl/60min). In contrast, the same 
doses of OXM and exendin-4 did not affect glucose excursion in an IPGTT in GLP-1 R-/- mice (Fig. 7B). 

The effects of i.p. OXM and exendin-4 on in vivo GSIS were assessed by measuring 
plasma insulin levels before (at 0 min) and after (at 10 min) glucose challenge in the IPGTT studies. 
OXM increased basal (0 min) plasma insulin levels 4-fold in WT mice and significantly amplified the 
insulin response to i.p. glucose challenge (Fig. 7C). Similar effects were observed with exendin-4 in WT 
mice. In contrast, administration of OXM or exendin-4 to the GLP-1 R-/- mice did not affect basal insulin 
levels, nor did it improve the insulin response to i.p. glucose challenge (Fig. 7D). 

EXAMPLES OF PHARMACEUTICAL COMPOSITIONS 

As a specific embodiment of an oral composition of a novel polypeptide of the present 
invention, 5 mg of a polypeptide as described by the formula 
HaDGTFTSDYSKYLDSRRAQDFVQWLmNTKRNRNNIACjo-CONHz, 

is formulated with sufficient finely divided lactose to provide a total amount of 580 to 590 mg to fill a 
size 0 hard gel capsule. 

As another specific embodiment of an oral composition of a novel polypeptide of the 
present invention, 2.5 mg of a polypeptide as described by the formula 
HaDGTFTSDYSKYLDSRRAQDFVQWLmNTO 

is formulated with sufficient finely divided lactose to provide a total amount of 580 to 590 mg to fill a 
size 0 hard gel capsule. 

Other embodiments are within the following claims. While several embodiments have 
been shown and described, various modifications may be made without departing from the spirit and 
scope of the present invention. 
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WHAT IS CLAIMED IS: 

1. A polypeptide comprising, 
H X X,X 2 GTFTSDYX3X4YLDX 5 :^^ 

wherein H x is selected from the group consisting of His, imidazole-lactic acid (ImiH); 
desamino-His (ANH 2 -H), acetyl His, pyroglutamyl His, N-methyl-His (Me-H), N,N-dimethyl-His (Me 2 - 
H); Benzoyl His (Bz-H), Benzyl His (Bzi-H), and Phe; 

Xi is selected from the group consisting of Ser, Gly, Ala, Arg; Asn s Asp, Glu, Gin, His, 
He, Lys, Met, Phe, Pro, Thr 3 Trp, Tyr, Val, D-Ala, D-Ser, and a-aminoisobutyric acid; 

X 2 is Gin, Asp, Glu, Pro, Leu or L-norleucine; 

X 3 is Ser, Ala, Cys, Cys(mPEG), or Cys(cholesteryl); 

X4 is Lys, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 5 is Ser or Ala; X6 is Arg, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 6 is Arg, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 7 is Gin, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 8 is Asp, Cys, Cys(mPEG), or Cys(cholesteryl); 

X 9 is Met, Met(O), Val, norleucine, alanine, a-aminoisobutyric acid or O-methyl- 

homoserine; 

Xjo is Asn, Cys, Cys(mPEG), or Cys(cholesteryl); 
X n is Thr, Cys, Cys(mPEG), or Cys(cholesteryl); 
X !2 is He, Cys, Cys(mPEG), or Cys(cholesteryl); 
X| 3 is Ala, Cys, Cys(mPEG), or Cys(cholesteryl); and 

X14 is carboxylic acid (COOH), carboxamide, secondary amide, Ala, K(palmitoyl), Cys, 
Cys(mPEG), Cys(cholesteryl), or any linker to which mPEG or cholesterol is linked with a chemical 
bond, 

or a pharmaceutical ly acceptable salt thereof. 

2. The polypeptide of claim 1 wherein one or more of X* X4, X$ — Xg, and X10 - X14 
is Cys(mPEG) or Cys(cholesteryl). 

3. The polypeptide of claim 1 wherein Cys(mPEG) is Cj, C 2 , C 3 or C 6 wherein 
C,^Cys(mPEG)5kDa, C 2 =Cys(mPEG)20kDa, C 3 =Cys(mPEG)240kDa, C 6 =Cys(mPEG)260kDa, each 
corresponding to a cysteine residue PEGylated via the side chain thiol with linear methoxyPEG (mPEG) 
or branched mPEG 2 of approximately the indicated MW. 



39 



WO 2007/100535 PCT/US2007/004306 



4. The polypeptide of claim 1 consisting of 
H X SQGTFTSDYSKYLDSRRAQDFVQA\T.MNTKJWRNN1A 

wherein H x is selected from the group consisting of His, imidazole-lactic acid (ImiH); 
desamino-His (ANH2-H), acetyl His, pyroglutamyl His, N-methyl-His (Me-H), N,N-dimethyl-His (Me 2 - 
H); Benzoyl His (Bz-H), Benzyl His (Bzl-H), and Phe. 

5. The polypeptide of claim 1 comprising, 
HX^GTFTSDYSKYLDSRRAQDFVQWLMNTKJINRN^ 

wherein Xi is selected from the group consisting of Ser, Gly, Ala, Arg; Asn, Asp, Glu, 
Gin, His, He, Lys, Met, Phe, Pro, Thr, Trp, Tyr, Val, D-Ala, D-Ser, and a-aminoisobutyric acid. 

6. The polypeptide of claim 1 comprising, 
HSX 2 GTFTSDYSKYLDSRRAQDFVQ\\OMN^ 

wherein X 2 is selected from the group consisting of Gin, Asp, Glu, Pro, Leu, and L- 

norleucine. 

7. The polypeptide of claim 1 comprising 
HSQGTFTSDYXPQYLDSX^ 

wherein X 3 is Ser, Ala, Cys(mPEG), or Cys(cholesteryl); 

X4 is Lys, Cys(mPEG), or Cys(cholesteryl); 

Xe is Arg, Cys(mPEG), or Cys(cholesteryl); 

X 7 is Gin, Cys(mPEG), or Cys(cholesteryl); 

X 8 is Asp, Cys(mPEG), or Cys(cholesteryl); 

X10 is Asn, Cys(mPEG), or Cys(choIesteryI); 

X n is Thr, Cys(mPEG), or Cys(cholesteryl); 

X 12 is He, Cys(mPEG), or Cys(cholesteryl); 

X13 is Ala, Cys(mPEG), or Cys(cholesteryl); and 

X14 is amide, carboxylate, secondary amide, Ala, K(palmitoyl),Cys(mPEG), 
Cys(cholesteryl) or any linker to which mPEG or cholesterol is linked with a chemical 
bond, and 

wherein one or two of X 3 X4, Xe - X 8 , and Xi 0 - X !4 is Cys(mPEG) or Cys(cholesteryl). 

8. A polypeptide comprising: 

HaX, 5 GTFTSDYSKYLDSZZAX, 6 DFVQWLXi 7 NTX,8 
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wherein X J5 is D or Q; 
Z is any amino acid; 

Xj6 is C g , (Cys(N-ethylmaleimidyl), Q or C; 
Xn is mor M; 
X i 8 is an amidated k or K, 
or a pharmaceutical^ acceptable salt thereof. 

9. A polypeptide selected from the group consisting of: 
HaQGTFTSDYSKYLDSRRAQDFVQ 

HaDGTFTSDYSKYLDS-TtdsEC-COKH 2 

HaQGTFTSDYSKYLDSRRAQDFV 
HaQGTFTSDYSKYTJDSRRAQDFVQWLm 

HaDGTFTSDYSKYLDSRRAQDFVQWLmOT^ 

HaQGTFTSDYSKYLDSRRAQDI^QX^^ 

HaDGTFTSDYSKYLDSRJ^QDFVQWLmNTKRNRNNIACj; and 

HaDGTFTSDYSKYDSZZAQDFVQWLm^ 

wherein C 3 = Cys[(mPEG) 2 40kDa] corresponding to an amidated cysteine residue PEGylated via the 
side-chain thiol with a branched mPEG [(mPEG) 2 ] of the indicated MW; a is a-amino isobutyric acid 
(aib); and m = methionine sulfoxide [Met(O)]; X l9 is C or C 8 (Cys(N-ethyImaleimidyl) 
and pharmaceutical ly acceptable salts thereof. 

10. A polypeptide comprising an amino acid sequence selected from the group 
consisting of any one of SEQ ID NO. 1-1 59 and pharmaceutical ly acceptable salts thereof. 

11. A method for the treatment of a metabolic disease in a subject in need thereof 
comprising the step of administering to the subject the polypeptide of claim 1 . 

12 A pharmaceutical composition comprising the polypeptide of claim 1 and a 
pharmaceutical ry suitable carrier. 

13. An agent for lowering glucose levels, which comprises the polypeptide of claim 

1. 



14. A method to lower glucose levels, said method comprising the step of 
administering the polypeptide of claim 1 . 
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Figure 1. a) Activation of a mutant human GLP-1 receptor by (a) native porcine OXM and (b) 
PEGylated OXM2 and loss of potency due to preincubation of the peptides with DP-IV 
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Figure 2. Incretin activity of porcine oxyntomodulin in lean mouse JPGTT. % inhibition of 
glucose excursion is indicated for each group, "ctrl" = vehicle-treated saline-challenged mice, 
tc veh" = vehicle-treated dextrose-challenged mice. 
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Figure 3. Efficacy of the polypeptides denoted by sequences OXM2 and OXM3 in reducing overnight 
food intake and body weight gain in lean mice. * p< 0.05 relative to vehicle group 
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Fig. 4 Dose-response of GLP-1 and OXM in mediating GSIS in mouse islets and MEN6c4 cells 
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Fig. 5 Effects of GLP-1R deletion and receptor antagonism on the effects of OXM, Glucagon (GCG) and 
GLP-1 onGSIS in islets 



A: GSIS in GLP-1 R-/- islets 



B: Effects of exendin-9 in WT islets 
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Fig. 6 Effects of OXM, GCG and GLP-1 on GSIS in GCG-R-/- 
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Fig. 7 Effects of OXM and Exendin-4 on blood glucose and insulin levels during IPGTT in WT and 
GLP-1R-/- mice 
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(nM) 


% 


13. B 


0.6 


(87) 


9.2 


5.5 


(100) 


31.7 


3.1 


(102) 


16.0 


2.3 


(99) 


13.4 


1.7 


(101) 


<3.2 


1.3 


(84) 


<3.2 


0.57 


(95) 


<0.13 


0.26 


(115) 


<0.13 


0.13 


(100) 


KA 


0.14 


(100 



OaanHHj H SQGTFT SD Y i> K X L.DSRRAQDFVQWI^INTKRNRNNZA 

Oxm2 5 HS^TFTSDYSKYIJ3S3UlAQDFVQWIiMOT 

Oxm26 HS0GTFTSDYS3an^DS3Ul&QDFVQWIiMNTKRNRNM 

Oxm27 HSQCTPTSDYSKYLDSRRABDFVQWIiM^^ 

Oxm91 KSQGTFTSDYSlC^DSRRAQDFVQVn^MOTKRN 

Oxm92 HSQGTFTSDYSKYI*DSRRAQDFVpWLiMNTKR 

Oxm93 HSQGTFTSDYSKYLDSRRAQDKVQfWIJaNTK 

GcgOH H5QGTFTSDYSKYIJDSRRAQDFVQWLMNT 



WO 2007/100535 



PCT/US2007/004306 



17/17 



Peptide 


EC50 (hGLP-lR) ,nM 




"-DPP-IV" XX +DPP-IV" 


tin 


OXM99 


7.5 


27.5 




OXM100 


22.5 


184.5 


>HJUU 


OXM103 


6.2 


12.7 


c c 
3> . 3 


OXM105 


28.5 


36.7 ! 


648 


OXM107 


29.7 


182.4 


>1000 


OXM109 


7.6 


14.5 


>1000 


OXMllO 


0.2 


O.OB 


0.61 


OXM112 


6.9 


10.9 


164 


OXM113 


93.3 


92.3 


>1000 


OXM114 


0.06 


0.05 


34.1 


OXM117 


9.2 


41.3 


>1000 


OXM118 


0.025 


<0.5 


538 


OXM121 


>125 


>125 


>iooo 


OXM124 


>100 


>100 


>1000 


OXM125 


3.9 


42.5 


>10O0 


OXM127 


>500 


>500 


>1000 


OXM129 


25.0 


123.2 


>1000 


OXM130 


5;b 


8.7 


pending 


OXM131 


0.9 


2.2 


pending 



